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Weather  conditions  prevailing  at  the  Naval  Ordnance  Test  Station, 
and  over  the  Indian  Wells  Valley  area  In  which  the  Station  Is  located, 
are  susanarlzed  and  discussed  In  this  report.  The  summary  Is  based  upon 
material  published  by  many  Test  Department  meteorologists  during  the 
period  from  19^6  through  1962. 

This  report  was  written  whenever  operational  duties  wovild  permit 
from  March  through  May  and  during  December  1962.  It  Is  released  at 
the  working  level  for  meteorologists  and  others  Interested  In  NOTS 
weather.  Work  on  the  report  was  financed  from  Station  overhead  funds. 
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INTROEUCTION 


Complete  weather  records  kept  at  the  Naval  Ordnance  Test  Station 
show  the  Station  to  have  a  typical  desert  climate — a  moderate  seasonal 
and  large  diurnal  temperature  range,  low  humidity,  li^it  and  variable 
precipitation,  and  little  cloudiness  or  visibility  restriction.  Surface 
winds  are  generally  steady  in  direction  when  of  significant  speed.  Wind 
speeds  generally  vary  according  to  thermal  conditions;  the  strongest 
gusts  are  usually  associated  with  frontal  passages. 

Analyses  of  data  accrued  over  a  17-year  period,  as  well  as  the  geo¬ 
graphic  and  topographic  background  of  NOTS  weather  origins,  are  given 
on  the  following  pages. 

A  bibliography  of  literature  covering  the  various  fields  of  NOTS 
meteorological  research  more  specifically,  appears  on  page  72. 


GEOGRAPHY  AND  TOPOC2?APHY  OF 
INDIAN  WELLS  VALLEY 


Indian  Wells  Valley  lies  on  the  northern  edge  of  the  Mojave  Desert 
at  eun  approximate  latitude  of  35*-30'N,  and  at  am  approximate  longitude 
of  117* -30 'W.  The  mean  edtitude  of  the  valley  is  2,215  feet  above  mean 
sea  level.  To  the  west  and  northwest  are  the  Sierra  Nevada  Mountains, 
having  westerly  peaks  rising  above  6,000  feet,  emd  other  peaks,  lncl\id- 
ing  Mt.  Whitney,  which  are  about  75  miles  northwest  amd  exceed  l4,000 
feet  in  altitude.  The  northern  boundary  of  the  valley  is  the  Coso  Range, 
extending  above  8,000  feet.  Northeast  to  east  is  the  Argus  Range  with 
elevations  above  6,000  feet;  farther  to  the  east  aure  the  Slate  and  Pana- 
mlnt  Ranges,  with  peaks  exceeding  11,000  feet.  To  the  Imnedlate  south 
is  the  El  Paso  Range,  with  heights  above  5^000  feet.  G3ie  San  Gabriel 
and  San  Bernardino  Mountains,  about  100  miles  to  the  south,  amd  the  Si¬ 
erras,  to  the  west,  all  amt  as  effective  barriers  to  the  moist  currents 
of  adr  from  the  Pamiflc  Oceam. 
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Since  the  rate  of  evaporation  exceeds  the  precipitation  in  the 
valley,  it  is  classified  as  a  desert  climate  and,  because  of  the  meager 
euid  erratic  precipitation  together  with  the  high  evaporation  rate  and 
an  associated  low  ground -water  table,  there  is  relatively  scant  natural 
vegetation  cover.  During  the  more  arid  phase  of  the  valley  climate, 
vegetation  is  particularly  meager  and  consists  of  many  forms  both  unpal¬ 
atable  and  inedible  to  most  domestic  animals.  However,  there  is  a  fairly 
conspicuous  cover  of  widely-spaced  woody  shrubs  which  have  low  grazing 
value.  The  density  of  the  shrub  cover  indicates  the  amount  of  water 
available  for  plant  growth.  As  a  rule,  their  colors  are  not  bright  green, 
and  during  much  of  the  year  most  of  the  shrubs  look  dead.  The  few  nat¬ 
ural  succulent  plants  which  exist  in  the  valley  resist  drought  by  stor- 
i33g  large  supplies  of  water  in  their  fleshy  stems  and  leaves,  while  other 
perennials  have  developed  an  inherent  ability  to  endure  the  drought.  In 
some  areas,  short  desert  bunch  grasses  are  scantily  interspersed  with 
the  shrubs.  They  grow  only  in  isolated  bunches  and,  although  dry  for 
the  greater  part  of  the  year,  are  relatively  good,  but  meager,  forage. 

In  some  places  in  the  valley,  where  the  soils  are  high  in  harmful  alkali, 
a  desert  salt  shrub  vegetation  consisting  of  rather  rich  green,  fleshy- 
leafed  plants  capable  of  growing  in  moist  saline  soil,  prevails.  These 
areas  have  little  value  as  grazing  land. 

In  an  inventory  of  the  potential  vegetation  resoxiroes  of  the  valley 
desert  soil,  the  residual  soils  are  of  very  minor  importance  since  no 
matter  how  fertile  they  might  be,  the  niggardly  rainfall  largely  pre¬ 
cludes  their  use.  Gray  color  (with  tinges  of  yellow,  red,  and  brown), 
near-absence  of  humus,  coarse  texture,  emd  practically  unleached  mineral 
content  are  the  main  features  of  the  soil  in  Indian  Wells  Valley.  Most 
characteristic  is  the  veneer  of  coarse,  stony,  pebbly  debris — the  well- 
known  desert  pavement.  Althoiigh  desert  soils  are  unusually  high  in 
mineral  plant  foods  (because  of  a  minimum  of  leaching),  most  of  them 
are  not  objectionably  alkaline.  That  condition  is  usually  restricted 
to  those  sections  where  draineige  waters  concentrate  ten5)orarily,  or 
where  underground  water  runs  close  to  the  surface. 

Among  the  several  climatic  realms  there  is  no  other  which  approaches 
that  of  the  desert  in  the  distinctiveness  of  its  gradational  landforms. 
IHie  climatic  stamp  is  more  indelibly  impressed  upon  the  surface  features 
of  deserts  than  it  is  elsewhere  in  the  world. 

It  is  to  be  expected  that  the  pattern  and  association  of  landforms 
in  the  desert  will  differ  markedly  from  those  developed  under  more  hu¬ 
mid  conditions.  In  the  latter,  because  of  the  damper  earth  and  heavier 
vegetation  mantle,  wind  action  is  practically  nil.  On  the  other  hand, 
deseii:  lands,  where  opposite  conditions  prevail,  are  sometimes  designated 
the  "realm  of  the  wind".  Errosion  caused  by  the  winds  results  in  abra¬ 
sion  and  deflation.  Wind  abrasion  is  certainly  not  a  factor  of  much 
Is^rtance  in  fashioning  the  most  striking  and  conspicuous  landform 
features  of  the  desert,  although  it  is  capable  of  producing  peculieu: 
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8U)d  characteristic  minor  features.  Deflation  appears  to  be  much  more 
Important  and  Is  a  major  factor  In  lowering  the  floor  of  the  desert  ba¬ 
sin.*  The  deflation  process  causes  heavier  materials,  such  as  sand,  to 
be  rolled  eilong  the  svirface  and  heaped  up  Into  dunes,  while  the  finer 
dust  Is  often  carried  well  beyond  the  confines  of  the  desert. 

Numerous  permanent  streams,  occupying  a  most  Intricate  and  dense 
network  of  channels,  are  the  dominant  agent  In  most  hmald  regions.  How¬ 
ever,  there  are  no  rivers  and  very  few  streams  In  Indian  Wells  Valley. 
These  axe  sporadic  In  distribution,  possessed  of  few  tributaries,  and 
are  temporary  In  flow,  but  vigorous  In  action.  Incongruous  as  It  may 
seem,  sporadic  desert  torrents  are  responsible  for  the  larger  and  more 
conspicuous  gradational  feat\ires  of  the  desert.  The  protective  and  sui- 
chorlng  effects  of  a  complete  vegetation  cover  are  absent,  so  that  the 
occasional  heavy  downpours  re stilt  In  a  rapid  runoff  which,  on  the  bare 
surface,  quickly  accumulates  into  small  drainage  channels.  The  short¬ 
lived  torrents  are  capable  of  extraordinarily  rapid  erosion  and  removal, 
so  that  they  can  quickly  scar  a  land  surface  with  deeply  Incised  drain¬ 
age  channels.  These  debris-laden  streams  never  reach  the  sea;  Instead 
they  deposit  their  loads  in  the  form  of  conspicuous  fans  at  the  base  of 
the  slopes,  or  spread  it  out  on  the  desert  floor.  In  humid  regions, 
permanent  streams  carry  the  rock  debris  to  the  sea,  but  in  the  desert 
only  the  winds  and  an  occasional  flash  flood  remove  materials  from  the 
area. 


Processes  of  erosion  In  the  desert  are  highly  selective  in  their  ac¬ 
tion  upon  rocks.  They  search  out  the  weak  strata  and  quickly  remove  them, 
while  more  resistant  strata  stand  out  in  harsh  outline  and  angular  pro¬ 
file.  On  slopes,  the  disintegrated  rock  is  quickly  removed  by  wind  and 
slope  wash,  so  -chat  the  softening  effect  of  a  deep  regolith  cover  is  ab¬ 
sent.  Moreover,  the  few  scrubby  bushes  provide  no  effective  mantle  for 
hiding  the  surface  forms  as  they  are  so  completely  hidden  in  tropical 
rainforests.  The  whole  landscape  has  a  stark  and  naked  appearance,  and 
all  details  of  surface  ere  boldly  revealed.  Because  of  the  clarity  with 
which  earth  structures  are  disclosed,  deserts  ere  a  geologist’s  delight. 
Characteristic  desert  landforms  vary  with  earth  materials,  structure,  and 
stage.  Indian  Wells  Valley  has  a  sirface  composed  of  detached  ranges  of 
hills  separated  by  detritus-floored  basins  called  bolsons.  V-shaped  ra¬ 
vines  and  small  gorges  Incised  by  occasional  torrential  streams  stand  out 
In  sharp  relief  sdong  the  bare  hill  slopes.  Spreading  out  from  the  mouth 
of  each  ravine  and  encroaching  upon  the  bolson  are  conspicuous  fans,  a 
number  of  them  often  joining  to  form  a  piedmont  alluvial  belt.  In  the 
lower  central  peurt  of  the  basin  several  tenqiorery  shallow  lakes  often 
form  after  a  heavy  rain,  but  they  soon  evaporate  leaving  behind  the  per¬ 
fectly  flat,  whitish,  salt-encrusted  playa.  It  Is  doubtful  whether  any 
other  topographical  feature  of  the  earth's  surface  equals  the  playa  In 
flatness.  It  Is  so  level  that  a  sheet  of  water  one  foot  deep  could  con¬ 
ceivably  ccnqiletely  cover  an  area  ^  miles  In  diameter. 

- ¥ - 

For  further  discussion  see  Appendix  A. 


3 


NAVWEPS  REPORT  7960 


Since  rivers  are  nonexistent,  there  is  little  water  to  be  taken 
care  of  in  the  valley  and  the  drainage  pattern  is  relatively  coarse  and 
poorly  developed.  Also,  since  evaporation  exceeds  precipitation,  perma¬ 
nent  streams  do  not  originate  in  (nor  course  through)  the  valley;  al¬ 
though  occasional  showers  may  produce  temporary  vigorous  torrents  cap¬ 
able  of  rapid  erosion.  These  intermittent  native  streams  customarily 
evaporate  and  disappear  from  the  desert  floor,  or  flow  into  interior 
basins,  forming  playas  whose  dry  beds  are  exposed  most  of  the  time.  In 
this  area,  drainage  tends  to  be  interior  or  centripetal  in  character, 
each  local  depression  acting  as  the  center  or  focus  for  one  or  more  of 
these  transient  streams. 

Bie  weathering  of  solid  rock  is  a  slower  process  in  a  desert  cli¬ 
mate  than  in  a  wet  one,  so  that  the  residual  regolith  cover  is  likely  to 
be  thin.  This  is  especially  true  in  the  most  arid  parts  where  vegetation 
cover  is  meager,  and  regolith  removed,  by  water  and  wind  is  therefore  vig¬ 
orous  . 


In  this  climate,  runoff  is  relatively  greater  in  volume  and  more  far 
reaching  in  its  consequences  than  in  humid  regions.  Pelting  rains  of 
short  dvuration  deposit  water  on  the  ground  faster  than  it  can  be  absorbed 
As  on  all  dry  soils  of  fine  texture,  "puddling"  takes  place  as  soon  as 
the  rain  begins,  again  retarding  penetration.  The  sparse  vegetation 
cover,  and,  in  the  drier  portions,  the  presence  of  soil  crusts  and  the 
lack  of  a  humus  layer,  all  tend  to  increase  this  phenomenon.  The  ready 
runoff,  responsible  for  the  short-lived  torrents  which  fill  dry-land 
drainage  channels  after  a  downpovur,  result  in  a  two-fold  loss.  The  much 
needed  water  is  not  retained  by  the  soil,  and,  in  addition,  active  soil 
erosion  becomes  a  serious  problem. 


METEORQLOGIGAL  CONDITIOUS  AMD  SEASONAL  EFFECTS 


Great  Basin  High  Pressure  System 

When  an  Intense  Great  Basin  High  pressure  system  prevails,  with 
Indian  Wells  Valley  situated  in  the  southern  part  of  it,  the  following 
conditions  occur: 

A.  With  light  winds  aloft  over  the  entire  west  coast,  this  synop¬ 
tic  situation  will  usually  prevsdl  from  2  to  7  days  (depending  on  the 
Intensity  of  the  high  pressure  system). 

b.  Long-range  forecasts  can  be  given  with  the  highest  degree  of 
accuracy  and  proficiency. 
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c.  Indian  Wells  Valley  will  experience  mostly  clear  skies  (due  to 
subsidence),  or  scattered  high  (cirrus)  clouds. 

d.  In  the  winter,  light  and  variable  siarface  winds  will  prevail 
over  the  valley. 

e.  During  the  summer,  light  and  veuriable  surface  winds  will  prevail 
from  midnight  to  noon  with  light  to  fresh  southeasterly  surface  winds  oc- 
cvirring  during  the  period  from  noon  to  midnight. 

f .  Almost  invariably,  the  extreme  minimum  ten^eratures  in  winter 
and  extreme  maximum  temperatures  in  summer  occ\ir  when  an  Intense  Great 
Basin  High  prevails  (ajid  extends  to  high  altitude),  with  Indian  Wells 
Valley  sitiiated  in  the  southern  part  of  this  high,  and  the  winds  aloft 
will  be  from  the  northeast  to  southeast  direction. 


Effect  and  Movement  of  Frontal  Systems 

Frontal  systems  in  the  Indian  Wells  Valley  area  can  be  typed  into 
two  general  classifications:  slow  and  fast  moving. 

Winds  aloft  during  slow-moving  frontal  systems  are  nearly  parallel 
to  the  frontal  system,  or  form  a  closed  low  aloft  over  California.  Such 
synoptic  conditions  will  influence  the  weather  in  this  area  for  a  period 
of  from  2  to  6  days.  This  particvilar  type  of  synoptic  situation  will 
produce  low  ceilings,  thunderstorms,  lightning,  rain,  snow,  or  hail,  de¬ 
pending  on  air  temperature,  total  moisture  content,  and  the  intensity  of 
the  horizontal  convergence-lifting  involved. 

During  the  presence  of  fast-moving  frontal  systems,  the  winds  aloft 
are  nearly  perpendicular  to  the  system.  A  "mle  of  thumb"  is  that  the 
system  will  pass  the  valley  24  hoiirs  after  it  passes  San  Francisco.  This 
type  of  synoptic  situation  will  produce  strong  and  extremely  gusty  sur¬ 
face  winds  before,  during,  and  after  the  surface  frontal  passage  over 
the  valley.  There  will  be  low  moisttre  content,  very  slight  horizontal 
convergence,  and  no  phenomena  such  as  thunderstorms,  rain,  snow,  hall, 
or  cloud  ceilings. 

It  is  difficult  to  determine  whether  these  fronts  will  break  through 
the  mountains  from  the  north  or  from  the  west  quadrant.  Worn  moist  air 
appears  to  flow  in  aloft  from  the  south  or  southwest  in  connection  with 
a  low  pressure  center  over  northern  Utah  or  central  Nevada.  When  this 
occurs  it  is  quite  likely  the  valley  will  experience  frontal  weather  be¬ 
fore  the  true  frontal  peussage  has  occurred.  There  is  a  marked  lag  of 
approximately  2  to  3  hours  in  frontal  passages,  due  to  the  presence  of 
the  high  Sierra  Mountain  range  to  the  west  and  north.  Fronts  affecting 
this  area  most  generally  enter  California  at  the  Callfomla-Oregon  bovuid- 
ary,  or  in  the  vicinity  of  Salinas,  California,  and  southward. 
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THE  THREE  WEATHER  SEASONS  OF  INDIAN  WELLS  VALLEI 


There  are  three  main  weather  seasons  in  the  veLLley: 

1.  Bie  windy  months  with  occasional  frontal  passages  (Februeupy 
through  April) . 

2.  The  warm  months  when  the  thermal  low  predominates,  and  there 
are  moderate  to  fresh  afternoon  surface  winds  (May  through 
September) . 

3«  The  months  when  surface  winds  are  generally  light  and  variable 
throughout  the  day  (October  through  January) . 


Seasonal  Effects 


Spring  and  Fall.  These  seasons  fall  between  the  periods  during 
which  frontal  systems  almost  always  x>ass  this  area  and  when  frontal  sys¬ 
tems  Infrequently  pass  this  valley. 

Winter.  In  the  winter,  this  region  is  usually  covered  by  a  mod- 
erately  strong  anticyclonic  condition,  except  during  periods  of  frontal 
activity.  Bie  Pacific  High  has  retreated  southward  so  that  cyclones  can 
now  enter  the  California  coast.  An  average  of  20  to  30  frontal  systems 
pass  the  valley  during  winter  months.  However,  most  of  these  systems 
are  fairly  weak  by  the  time  they  cross  the  local  eurea. 

nie  mountain-valley  breeze  exists  to  some  extent  in  winter,  but  be¬ 
cause  the  winds  are  lighter  than  in  summer,  their  directions  are  more  var¬ 
iable.  Frontal  passages  during  the  winter  produce  surface  winds  usually 
2^  to  33  miles  per  hour  and,  at  times,  greater  than  k3  miles  per  hour. 
However,  these  extreme  winds  are  usually  of  short  duration.  Strong  north¬ 
erly  siuface  winds  occasionally  occur  when  the  circulation  from  an  Intense 
high  in  the  Great  Basin  spills  southward  euLong  the  east  slopes  of  the  Si¬ 
erra  Nevada.  These  strong  winds  may  be  expected  when  a  strong  pressure 
gradient  is  established  by  the  Pacific  Hl^  Cell  pushing  onshore  and  dis¬ 
placing  a  low  centered  over  southern  Nevada. 

During  the  winter  months  \dien  moist,  iinstable  maritime  air  is 
forced  against  the  mountedns  to  the  south,  southwest,  and  west,  a  contin¬ 
uous  line  of  towering  cvunulus  clouds  is  formed.  Occeislonally  a  warm 
front  will  approach  the  southern  California  coast  from  the  southwest,  or 
perhaps  as  a  wave  on  a  southeastward  moving  cold  front.  If  a  closed  low 
exists  aloft  at  about  10,000  feet,  the  surfewe  low  may  remain  over  cen¬ 
tral  and  southern  California  for  several  days.  The  resulting  circula¬ 
tion  will  produce  ceilings  near  ^,000  to  6,000  feet,  with  accoopanylng 
precipitation  usually  light  and  Intezmlttent;  but  well -developed  cold 
lows  aloft  occasionally  produce  precipitation  of  greater  intensity  and 
longer  duration.  The  snowstorm  during  ll-l4  January  19^9  is  an  exan^le 
of  such  a  situation  (see  the  section  on  precipitation  on  page  17). 
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!Ibe  first  front  usually  occurs  about  the  middle  of  October  and 
the  average  length  of  the  front  period  Is  ^  to  6  months.  As  this  vcLlley 
Is  In  a  region  of  uneven  surface  configuration,  the  cold  stratum  of  air 
next  to  the  earth's  surface,  because  of  its  greater  density,  slips  off 
the  surrounding  movintaln  ranges  and  flows  dovm  Into  the  vedley.  This 
phenomenon  Is  known  as  air  drainage.  On  clear  cold  nights  when  air  drain¬ 
age  and  ten5)erature  inversions  are  prevalent,  there  will  be  considerable 
frost  in  the  veilley. 

nils  season  encompasses  a  large  percentage  of  days  during  which 
surface  winds  will  record  light  and  variable  for  the  complete  24 -hour 
period. 

Summer.  During  the  summer  the  Pacific  High  is  well -developed  to 
the  west  of  California,  and  a  thermal  trough  overlies  the  Valley.  The 
intensity  and  position  of  the  thermal  trough  varies  from  day  to  day  and 
its  depth  is  about  5,000  to  6,000  feet.  Although  the  rugged  mountainous 
country  prevents  a  normal  circulation,  southerly  winds  are  predominant. 

The  weak  Pacific  occlusions  that  enter  the  coxontry  come  from  well  up  on 
the  Canadian  coast.  There  are  no  fronts  of  consequence,  and  Polar  out¬ 
breaks  are  unknown.  Continental  Tropical  Air  predominates,  resulting  in 
hot  days  and  warm  nights.  Maximum  tenperatures  average  highest  in  July 
and  August,  and  high  diurnal  variations  occw  dwlng  the  simmer. 

During  the  winter,  thermal  winds  are  not  a  frequent  occurrence,  but 
as  summer  approaches  they  become  more  and  more  common.  The  important 
weather  phenomena  to  be  noted  are  occasional  strong  gusty  winds  (see  the 
section  on  surface  wind  on  page  9 )  produced  by  afternoon  convection  from 
intense  surface  heating.  These  winds  cause  dust  storms  (page  15)  and 
dust  devils  (page  32)  of  varied  dimensions,  with  consequent  low  visibil¬ 
ities. 

If  the  orientation  of  the  thermal  trough  is  northeast-southwest  such 
that  Maritime  Tropical  Air  is  brought  into  the  area,  thunderstorms  are 
likely  to  develop  in  the  afternoon  over  the  mountains  west  and  northwest 
of  the  valley,  dissipating  in  the  evening.  Severe  turbulence  and  re¬ 
stricted  visibility  due  to  rain  are  then  encoiuitered.  Thunderstorms 
are  not  common  over  Indian  Wells  Valley  during  the  spring,  simmer,  and 
fall.  During  a  four-year  period  only  15  thunderstorms  (not  necessarily 
ewjcompanied  by  precipitation)  were  reported.  Occasionally  in  the  summer 
the  air  is  unstable,  and  cumulus  and  cumulonimbus  clouds  build  up  on  the 
Sierra  Neveuia;  sometimes  altocumulus  and  clrrocumulus  clouds  may  be  de¬ 
veloped  and  blow  over  towards  the  valley.  Precipitation  is  rarely  pro¬ 
duced  in  the  valley  from  this  activity,  but  does  occur  occasionally  over 
the  mo\mtains.  Visibility  is  generally  unlimited  throughout  the  summer 
months,  except  dviring  local  dust  storms. 

During  this  season  there  is  a  very  high  percentage  of  days  during 
which  the  surface  winds  will  record  light  smd  variable  during  the  after- 
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noon  and  evening.  A  very  lov  percentage  of  the  fronts  that  come  inland 
on  the  west  coast  will  pass  the  valley  and  influence  the  weather  in  this 
area. 


GEamAL  YEAR-AROUND  WEATHER  COMDITIONS 


nie  meteorological  properties  of  the  valley  can  best  be  described 
in  the  following  general  terms  which  constitute  a  very  broad  and  yesir- 
around  summation: 

a.  It  has  a  desert  climate  with  moderate  extremes  in  temperature. 

b.  Relative  humidity  is  very  low. 

c.  Light  winds  prevail  during  the  night  and  early  morning  hours  and 
frequent  moderate -to -strong  winds  occur  durixig  the  afternoons.  Winds  of 
gale  force  occur  occasionally  during  periods  of  strong  frontal  activity. 

d.  There  is  a  very  high  incidence  of  clear  skies  with  accompanying 
good  visibility. 

e.  Winds  are  generally  steady  in  direction  when  of  significant  ve¬ 
locity.  Velocities  usually  vary  according  to  thermal  conditions;  the 
strongest  gusts  are  ordinarily  associated  with  frontal  passages. 


ADVERSE  WEAIHER  IMDICATORS 


Indicators  of  adverse  weather  conditions  over  Indian  Wells  Valley 
are  summarized  below: 

a.  The  formation  of  lenticular  clouds  to  the  west  or  directly  over 
the  valley  indicates  strong  sxirface  winds  (see  section  on  mountain  waves, 
page  38). 

b.  Stratus-type  clouds  hanging  over  the  mountains  to  the  west  of 
the  valley  with  moderate  upper  winds  from  a  westerly  direction  indicate 
an  excellent  probability  of  strong  surface  winds  in  the  valley  during 
the  day;  if  the  upper  winds  have  an  easterly  direction,  the  probability 
is  for  light  surface  winds. 

c.  If  Owens  Valley  (to  the  north)  or  Indian  Wells  Valley  has  had  a 
recent  light  rain  shower,  it  will  take  svirface  winds  of  35  to  4o  knots, 
instead  of  the  usual  25  knots,  to  cause  the  sand  or  haze  to  move  over 
the  Indian  Wells  Valley. 
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d.  The  maximum  dliirnal  pressure  change  In  the  vedley  occurs  at 
approximately  1100  PST  and  the  minimum  at  approximately  1700  PST.  If 
the  pressure  f8dJ.s  at  I-I/2  millibars  per  hoiu*  or  less  during  that  time, 
it  Is  a  good  Indication  that  normal  weather  conditions  will  prevail.  If 
the  pressure  falls  faster  than  I-1/2  millibars  per  hour,  it  is  eui  excel¬ 
lent  indicator  for  moderate-to-strong  surface  winds  within  the  next  hour. 


SPECIFIC  WEATHER  PHENOMENA 


Surface  Wind 


Dry  regions  are  inclined  to  be  windy  since  little  friction  is  gen¬ 
erated  between  the  moving  air  and  the  low,  sparse  vegetation  cover.  In 
this  respect  they  are  like  oceans.  Moreover,  the  rapid  daytime  heating 
of  the  lower  air  over  the  desert  leads  to  convectional  overturning.  This 
interchange  of  lower  and  upper  air  tends  to  accelerate  horizontal  surface 
currents  dviring  warm  hours  when  convection  is  at  a  maximum.  Because  of 
the  strong  and  persistent  winds,  the  air  is  often  murky  with  fine  dust. 
There  tends  to  be  much  less  wind  activity  at  night,  which  is  a  partial 
explanation  of  the  rapid  nocturnal  cooling  of  surface  air. 

Wind  directions  are  predominantly  from  the  southwest  or  west-south- 
west  with  a  tendency  toward  the  more  westerly  direction  during  the  winter 
months.  Two  main  factors  are  responsible  for  this  local  circulation:  In 
the  first  place,  the  valley  is  surrounded  by  moxmtains,  and  airflow  into 
the  valley,  at  low  levels,  is  through  four  main  passes  in  these  mountains. 
The  prevailing  flow  is  throxigh  Walker  Pass  and  Tehachapi  Pass,  to  the 
southwest;  air  from  the  north  must  come  through  Little  Lake  Gap,  to  the 
north-northwest;  and  the  other  pass  is  southeast,  separating  the  Argus 
and  El  Paso  Mountains.  Secondly,  the  thermal  low  predominates  over  this 
area  from  May  to  November,  which  means  that  the  local  pressure  gradient 
is  almost  always  easterly  throughout  those  months.  However,  when  a  Ba¬ 
sin  High  pressure  system  exists,  or  when  a  large  high  moves  out  of  Canada 
and  south  along  the  Rockies,  the  local  winds  obtain  an  easterly  component 
which  may  persist  for  several  days,  dependent  upon  the  Intensity  of  the 
high  pressure  cell.  After  heating  takes  place  and  convection  sets  In, 
the  svirface  winds  generally  follow  the  same  lines  of  flow  as  those  at 
the  gradient  level.  It  should  be  noted  that  a  westerly  flow  aloft  tends 
to  become  southwest  at  the  surface,  while  easterly  winds  aloft  show  very 
little  change  at  the  surface. 

The  advent  of  westerly  winds  In  the  Valley  may  be  likened  to  water 
spilling  over  a  dam,  wherein  Bernoulli's  Principle  applies.  As  the 
stream  of  water,  or  of  air,  moving  along  with  a  certain  velocity  is  con¬ 
fronted  by  a  barrier,  such  as  a  mountain  range  or  a  river  dam,  one  of 
two  things  must  happen:  the  flow  across  the  botondary  either  ceases  en¬ 
tirely  or  the  fluid  is  forced  to  flow  with  greater  velocity  over  the 
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top  of,  or  through  an  apertiire  in  the  obstruction.  Considering  the 
atmosphere  alone,  and  by  applying  Bernoulli's  theory,  we  find  that  the 
velocity  with  which  the  air  is  moving  will  increase  proportionately  as 
the  diameter  of  the  aperture  through  which  it  flows  is  decreased — an  in¬ 
verse  relationship.  Thus,  a  mass  of  air  crossing  over  the  top  of  a  moun¬ 
tain  range  (e.g.,  the  Sierra  Nevada),  is  squeezed  between  the  air  mass 
above  and  the  mountain  range  beneath  and  the  velocity  of  the  air  parti¬ 
cles  is  therefore  increased.*  As  the  air  passes  to  the  lee  side  of  the 
mountain  range,  the  turbulent  leeside  eddy  is  formed.  Then  the  surface 
winds  on  the  leeside  become  extremely  gusty,  with  strong  turbulence  aloft. 
Winds  of  this  nature  do  not  appear  sufficiently  strong  enough  to  prevent 
the  surface  temperature  inversion  (page  29)  from  forming  during  the  hours 
after  siinset.  The  radiation  inversion,  in  turn,  presents  a  barrier  of 
stable  air  to  the  30  to  35  mile-per-hour  gradient  winds  and  prevents  them 
from  reaching  the  svirface.  (Hie  surface  winds  pick  up  after  0930  PST  as 
the  inversion  is  destroyed  by  daytime  heating. 

It  is  quite  evident  that  the  highest  velocities  are  reached  d\iring 
the  late  winter  and  spring  months,  with  the  maximum  hours  of  winds  ex¬ 
ceeding  30  mph  coming  in  February,  March,  April,  May,  and  June.  Dxuring 
the  summer  months  the  tendency  is  toward  fewer  hours  of  excessive  winds 
but  more  hoiars  of  moderate  velocity  (20  to  30  mph) .  It  can  safely  be 
said  that  during  this  period  the  maximum  wind  speed  for  the  day  will  ex¬ 
ceed  20  mph  on  20  to  30  days  out  of  the  month.  This  maximum  occiirs  late 
in  the  afternoon  between  the  hotirs  of  1500  and  I900  PST  and  is  frequently 
of  a  gusty  nat\ire.  In  addition,  a  tight  pressure  gradient  and  strong 
surface  winds  occur  in  the  valley  when  the  Pacific  High  Cell  pushes  on¬ 
shore  and  displaces  a  low  centered  over  southern  Nevada.  These  winds 
are  westerly  in  direction.  Strong  surface  winds  at  night  are  rare  but 
do  occur  with  frontal  passages,  thunderstorms,  or  with  the  presence  of  a 
deep  low  pressure  system  in  the  immediate  vicinity.  Generally,  winds 
with  an  easterly  component  in  the  valley  bring  increasing  temperatures, 
and  westerly  winds  bring  lower  temperatures.  When  certain  pressure  con¬ 
ditions  exist,  strong  winds  from  the  southwest  and  northerly  directions 
occirr.  When  the  air  flow  aloft  is  strong  west  or  northerly,  the  winds 
on  the  lee  side  of  the  mountains  may  be  very  erratic,  which  may  necessi¬ 
tate  suspension  of  flying  activity.  V7ith  a  cold  front  or  cold-front  type 
occlusion  moving  in  from  the  Pacific  Ocean,  the  sxxrface  wind  in  the  val¬ 
ley  will  usually  exceed  20  mph  from  the  southwest  for  from  6  to  12  hours 
before  the  front  reaches  the  valley.  After  the  frontal  passage,  winds 
will  be  west  to  west-northwest  and  may  reach  speeds  of  35  to  50  mph.  This 
is  especially  true  when  a  wave  forms  on  the  front  in  the  Las  Vegas/Salt 
I,;Uce  area,  as  the  low  pressure  intensifies  circulation  in  this  valley. 


The  quantitative  discussion  of  airflow  over  mountain  rsinges  is 
complicated.  It  is  known  that  waves  form  to  the  lee  of  the  Sierra  Nevada 
Mountains  and  that  their  structure  apparently  depends  upon  the  velocity 
of  air  flow,  the  stability  of  the  air,  width  and  shape  of  the  mountains, 
and  probably  other  factors.  See  p.  38* 
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Because  of  the  topography  of  the  valley  (nearly  level  throughout  the 
floor  hut  surrounded  by  relatively  high  mountains),  the  surface  winds  do 
not  necessarily  follow  the  winds  aloft  pattern  as  might  be  expected,  but 
many  times  are  forced  around  the  mountains  and  accelerated  through  the 
passes.  Consequently,  winds  entering  the  valley  through  the  passes  have 
jet-like  characteristics  which  may  give  strong  or  gale  force  winds  to  one 
sector  of  the  valley  and  light  and  variable  winds  to  other  sectors.  Thus 
with  a  moderate  westerly  wind  aloft  over  the  valley,  we  may  have  strong 
southwest  surface  winds  over  other  sectors.  At  other  times,  strong  north¬ 
west  winds  aloft  over  the  valley  may  never  reach  the  svurface;  or  if  they 
do  enter  the  valley,  they  may  affect  only  the  western  side  of  the  valley. 

The  following  factors  pertain  to  strong  westerly  winds: 

a.  Strong  westerly  winds  are  more  frequent  in  March. 

b.  Gusts  of  over  40  knots  are  unlikely  without  frontal  activity. 

c.  Strong  gusts  are  infrequent  during  the  winter  and  spring  seasons 
with  fronts  traveling  less  than  20  mph;  the  frontal  speed  is  usually  25 
iiq)h  or  more. 

d.  Strong  winds  can  be  expected  after  the  front  reaches  Fresno. 

The  area  of  southern  Nevada  and  Arizona  should  be  watched  closely  after 
the  front  has  passed  this  valley,  for  indications  of  possible  post-fron¬ 
tal  winds. 

e.  The  peak  gust  is  usually  southwest  througii  west,  4o  to  45  knots. 

f .  If  the  wind  at  10,000  feet  is  over  35  knots,  the  peak  gust  is 
likely  to  be  over  45  knots. 

g.  With  a  pressure  gradient  of  10.0  to  12.5  millibars  from  Bakers¬ 
field  to  Las  Vegas,  the  peak  gust  is  likely  to  be  over  45  knots,  and  is 
almost  certain  to  be  so  if  the  gradient  is  more  than  12.5  millibars. 

Svirface  winds  averaging  15  mph  or  more  during  this  17 -year  period 
aire  charted  in  Table  1,  and  peak  gusts  of  over  40  mph  are  charted  in 
Table  2. 

Strong  northerly  winds  (which  do  not  occur  frequently  in  the  valley) 
of  only  30  knots  may  cause  a  rapid  decrease  in  visibility,  especially 
over  the  northern  and  western  parts  of  the  veilley.  This  sharp  visibility 
decrease  is  apparently  the  result  of  alkali  dust,  from  Owens  Valley  and 
beyond,  blowing  throu^  the  mountain  gaps  northwest  and  north  of  the  val¬ 
ley.  The  year-to-year  occurrence  of  these  winds  has  been  erratic,  coming 
mostly  in  the  months  of  November  through  March,  given  the  following  con¬ 
ditions  : 
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a.  A  s\irface  (n.a.l.)  pressure  of  1,023  to  1,030  mlUl'bars,  usually 
centered  In  northern  California,  Oregon,  or  Washln^on. 

b.  A  northwest  through  north  wind  at  10,000  feet  12  ho\irs  in  eui- 
veuice,  becoming  predominately  north. 

c.  !Bie  actual  or  probable  occurrence  of  a  trough  or  low  center  at 
10,000  feet  in  Arizona  or  southern  Nevada. 

d.  A  ten^rature  of  -10 *C  at  10,000  feet  at  Las  Vegas. 

e.  A  north-to -south  svirface  pressure  gradient  of  10  millibars 
between  Reno  and  Burbank. 
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Number  of  Days*  in  Which  Siirface  Winds  Averaged  15  n5)h  or  More 


NAVWEPS  REPORT 


u  • 

rH 

oo 

ro 

00 

ON 

On 

CO 

rH 

c- 

A 

Cl 

ro 

OO 

1  ^ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

00 

c- 

VO 

OI 

OO 

CVJ 

00 

CVJ 

oo 

rH 

-d 

A 

NO 

o\ 

ov 

-d- 

o 

OO 

ON 

rH 

NO 

00 

3 

<2> 

1 

o 

o 

O 

t>- 

-d- 

J- 

ro 

A 

00 

VO 

1 

r 

rH 

rH 

rH 

u 

c 

NO 

OO 

ON 

oo 

C\J 

-d" 

o 

VO 

rH 

o 

OO 

VO 

1  O' 

-d- 

• 

K  ^ 

ro 

o 

o 

Ov 

NO 

00 

o 

iH 

o 

CVJ 

VO 

o 

o 

CVJ 

t- 

1  ON 

oo 

• 

1 

CVI 

h 

o 

oo 

VO 

t- 

oo 

rH 

cvj 

oo 

rH 

ro 

rH 

oo 

oo 

CO 

1  ON 

oo 

• 

1 

CVJ 

0  On 

1  ^ 

1  On 

o 

oo 

oo 

-d* 

A 

OO 

rH 

OJ 

ro 

CVJ 

o 

OO 

8? 

-d* 

• 

n 

CVJ 

I^R 

rH 

oo 

CO 

A 

rH 

A 

o 

o 

ro 

ro 

00 

o 

CVJ 

t- 

B  ON 

oo 

• 

■ 

CVJ 

8 

n  tTN 

OO 

oo 

t- 

O 

ON 

oo 

rH 

CVJ 

ro 

CVJ 

ON 

(TN 

1  ON 

rH 

A 

R  ^ 

-d* 

■  NO 

1 

lA 

-d' 

A 

CO 

00 

-d- 

-d* 

w 

CVJ 

VO 

rH 

ro 

CVJ 

ro 

D  ON 

A 

p  H 

-d* 

D  1/N 

H 

n  lA 

on 

A 

A 

VO 

o 

oo 

o 

VO 

N- 

CO 

-d- 

CVJ  n 

1  On 

rH 

H 

•  n 

fl 

NO  II 

8*^ 

1 

1  ^ 

VO 

A 

rH 

NO 

-d- 

On 

ro 

rH 

cu 

CVJ 

ro 

cu  Q 

0  ON 

rH 

NO 

1 

UO  II 

n 

1  00 

y 

n  ^ 

lA 

A 

rH 

o 

rH 

NO 

OJ 

On 

o 

-d- 

ro 

oo 

(Tv 

CO 

U  ON 

H 

rH 

3 

VO 

fl  ^ 

A 

i  CVI 

1 

lA 

CJ 

rH 

ro 

00 

CO 

rH 

CVJ 

00 

o 

CVJ 

oo 

ro 

VO 

D  o\ 

H 

-d- 

• 

(TN 

-d- 

00 

-d- 

VO 

00 

rH 

ro 

o 

ro 

-d- 

On 

-d- 

A 

u  o\ 

A 

• 

1 

8  ^ 

LA 

cy 

NO 

w 

VO 

CVI 

On 

NO 

ro 

CVJ 

n  ON 

NO 

• 

P  H 

A 

jr^ 

VO 

NO 

O 

o 

VO 

-d* 

cu 

VO 

ro 

A 

NO 

A 

1  ON 

rH 

rH 

NO 

• 

H  ^ 

A 

h 

H 

OO 

VO 

A 

00 

w 

-d- 

-d 

rH 

rH 

CVJ 

ro 

A 

NO  1 

n  ON 

rH 

A 

•  1] 

U 

H 

d*  (I 

■ 

H 

^  1 

I'H 

B 

b 

g 

tlO 

P4 

■p 

> 

o 

V  I 

1 H 

3 

o 

q 

Q< 

il 

3 

0) 

g 

o 

(U 

(U 

>  1 

\m 

Ct4 

A 

< 

s 

>-3 

1=3 

<5 

CO 

O 

s 

a 

>1 

<  J 

13 


24-hour  i)eriods 


Numiber  of  Days*  in  Which  Peak  Gusts  of  Wind  Exceeded  40  Miles  per  Hour 
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DuiVo  and  Sand  Storms 


The  duct  stoms  which  occasionEilly  occur  in  the  valley  consist  of 
dust  and  sand  raised  by  the  vrind  to  such  an  extent  that  the  horizontal 
visibility  is  considerably  diminished.  The  dust  and  sand  are  rarely  car¬ 
ried  very  far  from  the  source.  The  conditions  favorable  for  the  forma¬ 
tion  of  dust  storms  and  sandstorms  Eire:  extreme  dryness  of  the  ground, 
unstable  and  turbulent  air,  steep  lapse  rate  of  temperature,  and  high 
wind  velocity.  Appendix  A.  Local  sand -blowing  in  the  valley  is  caused 
by  a  surface  wind  v/ith  a  southerly  component  accompanied  by  a  velocity 
in  excess  of  2‘j  to  jO  raph.  Such  winds  accompany  the  passage  of  depres¬ 
sion.  It  has  been  observed  that  violent  dust  storms  and  sand  storms  have 
resulted  from  strong  southwest  and  west  winds  within  h  or  6  hours  before 
and  after  the  passage  of  a  cold  front.  Sand  storms  have  occurred,  though 
infrequently,  at  nigiit  Eind  in  almost  every  case  the  storm  has  been  associ¬ 
ated  with  the  movement  of  a  depression  through  this  area.  When  a  moderate 
to  severe  dust  storm  occurs,  visibilities  are  reduced  to  as  low  as  l/2  to 
1-1/2  miles  and  last  1  to  2  hours.  Pilots  have  reported  the  tops  of  the 
dust  layer  at  times  to  be  4,000  to  6,000  feet  above  the  valley.  In  tiddi- 
tion  to  the  dust  storms  that  occur  with  frontal  passages,  winter  dust 
storms  are  also  generated  by  winds  from  off  the  mountains.  These  north¬ 
erly  winds  are  produced  by  a  strong  pressure  gradient  occasioned  by  the 
stagnation  and  intensification  of  the  Oreat  Basin  High  pressure  system. 

Possible  indications  of  windstorms,  accompanied  by  strong  gusts  and 
blowing  sand  are; 

a.  Deepening  low  pressure  in  this  area  and  to  the  east  associated 
with  rising  pressures  to  the  west  and  northwest.  This  increasing  pres¬ 
sure  gradient  will  be  evident  in  the  5^000-  eind  10,000-foot  winds  in 
advance  of  the  increasing  surface  winds. 

b.  A  frontal  system  through  the  northwestern  states  with  the  low 
pressure  trough  extending  through  this  area. 

c.  Advection  of  cold  air  with  northwesterly  winds  and  increasing 
relative  humidity  as  indicated  on  the  10,000-foot  weather  chart,  and 
particularly  at  levels  of  7,000  to  l4,000  feet  over  this  vedley  while 
the  surface  winds  are  still  from  the  southwest. 

d.  Above-normal  temperatures  and  dewpoints  at  the  surface  associ¬ 
ated  with  the  other  phenomena  listed  above. 


Cloudiness 


Ceilings  over  the  valley  usually  are  above  6,000  feet,  except  during 
a  few  occurrences  when  the  ceiling  will  drop  to  as  low  as  1,000  to  3,000 
feet  during  the  passage  of  a  wsum-type  occluded  front,  or  during  periods 
when  intense  cold  low  pressure  systems  aloft  persist  over  the  area.  Much 
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of  the  cloudiness  Is  of  the  high  thin  type^  which  does  not  seriously  af¬ 
fect  lighting.  Sunshine  over  the  valley  is  estimated  to  be  present  80 
to  of  the  daylight  hours  during  the  year.  Table  3  is  a  comparison 
of  the  relative  amounts  of  solar  radiation  received  at  Los  Angeles  cmd 
at  Indism  Wells  Valley.  Note  that  this  valley  receives  over  2%  more 
insolation  than  does  Los  Angeles.  Table  3  presents  the  average  dally 
values  of  Insolation  (direct  and  diffuse)  received  on  a  horizontal  sur¬ 
face  and  is  tabulated  in  langleys,  the  vmlt  used  to  denote  one  gram 
calorie  per  square  centimeter. 


TABLE  3*  Three -Year  Tabulation  of  Solar  Radiation 
at  NOTS  and  Los  Angeles 


Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Av. 

1953 

NOTS 

305 

4l0 

557 

663 

766 

828 

754 

727 

640 

500 

358 

310 

568 

LA 

248 

380 

472 

487 

637 

596 

653 

587 

484 

392 

284 

261 

457 

1954 

NOTS 

303 

439 

606 

792 

799 

847 

803 

714 

651 

510 

385 

274 

588 

LA 

250 

359 

462 

562 

498  i 

537 

622 

601 

493 

332 

276 

186 

432 

1955 

NOTS 

293 

397 

591 

760 

782 

851 

836 

776 

669 

458 

372 

302 

591 

LA 

215 

255 

445 

518 

597  i 

592 

- 1 

660 

605 

504 

344 

277 

243 

438 

Annual  Means:  NOTS--582,  Los  Angeles--442 


Surface  Relative  Htimidity 

The  relative  humidity  in  summer  is  very  low,  averaging  30  to  5^  iu 
the  early  morning  hours  and  10  to  20^  during  the  late  afternoon,  with 
humidities  below  10^  not  imcommon  diirlng  the  hottest  part  of  the  day. 

The  year-round  average  relative  h\miidity  is  These  conditions  pro¬ 

mote  Intense  heating  during  the  day  in  summer  and  marked  cooling  at  night. 
Relative  humidity  averages  are  given  in  Table  k. 

Upper-air  relative  humidity  data  is  Intentionally  omitted  from  this 
report  for  several  reasons.  First,  the  arbitrary  hours  at  which  the  up¬ 
per-air  soundli^gs  are  taken  at  NOTS  tend  to  present  a  confused  picture 
of  the  £u:tual  mean  relative  humidity  conditions  aloft.  That  is,  if  most 
of  the  sotindlngs  are  taken  in  the  early  morning  hours  over  a  given  period 
of  time,  the  humidity  will  apparently  be  unseasonably  high  whereas  if  the 
soundings  are  taken  in  the  afternoon  the  humidity  will  appear  to  be  un¬ 
seasonably  low  during  the  period,  particularly  during  the  sunaner  months. 
Second,  the  sensing  element  used  to  measure  the  humidities  aloft  will  not 
respond  to  values  of  humidities  of  less  than  Therefore,  if  the  sound- 
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Ings  Indicating  a  lesser  humidity  are  Ignored  there  is  a  tendency  for 
the  remaining  humidities  to  appeeur  unseasonably  high.  Oilrd,  the  sens¬ 
ing  element  will  not  respond  accnirately  to  htmldlty  values  when  the  tem¬ 
perature  is  below  -40*C.  !Ihis  factor  alone  would,  in  any  event,  tend 
to  limit  such  Information  to  altitudes  below  about  31,000  feet. 

Because  of  the  absence  of  accurate  humidity  data,  the  densities  com¬ 
puted  for  Appendix  B  were  obtained  by  assuming  0^  hiunidlty  at  all  levels. 


TABLE  4.  Relative  Humidity  Averages,  1946-1962 


Period 

Percent  of  Saturation 

Average  of 
Daily  Minima 

Average  of 
Dally  Maxima 

Average 

Humidity 

January 

34 

74 

53 

February 

26 

71 

46 

March 

21 

62 

39 

April 

17 

54 

34 

May 

15 

48 

30 

J\me 

12 

39 

24 

July 

13 

37 

23 

August 

13 

40 

25 

September 

l4 

44 

26 

October 

18 

50 

32 

November 

24 

65 

43 

December 

32 

76 

53 

Year 

20 

55 

36 

Precipitation 

Indian  Wells  Valley  is  located  about  150  miles  inland  from  the  Pa¬ 
cific  Ocean  in  the  center  of  surrounding  highlands  that  block  the  en¬ 
trance  of  humid  maritime  air  masses.  Thus,  free  entrance  of  rain-bearing 
winds  is  greatly  Impeded. 

Rainfall,  always  meager  in  the  valley,  is  also  extremely  variable 
from  year  to  year  so  that  the  average  is  not  dependable.  As  a  general 
rule,  dependability  of  precipitation  probability  figures  usually  de¬ 
creases  as  the  amount  of  precipitation  decreases.  Table  5  Hats  the 
annual  amount  of  precipitation  in  this  area;  Table  6  tabulates  the  niam- 
ber  of  days  in  which  more  than  a  trace  of  precipitation  occurred. 

Usually  only  light  showers  fall,  even  in  winter,  except  from  deep 
slow-moving  warm  front  type  occlusions  or  cold  low  pressure  systems  aloft. 
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These  occlusions,  especlcdJ.y  those  forming  between  Honolulu  and  southern 
California,  may  bring  copious  rain,  often  1  to  2  Inches  in  a  few  days. 

Snowfall  is  rare  (only  15  days  of  snowfall  were  recorded  during  a 
13 -year  period).  However,  during  the  period  11  to  ll^  January  19^9 f  snow, 
reaching  depths  of  from  12 -lU  Inches,  fell  over  the  southern  portion  of 
the  valley.  This  storm  occurred  during  a  period  of  low  zonal  Index,  when 
a  cold  low  pressure  system  aloft  dominated  the  area. 

The  following  conditions  usually  prevail  at  times  of  'trace'  precip¬ 
itation  (precipitation  observed  but  in  an  amount  less  than  0 .00^  inch) : 

a.  Frontal  activity  is  the  cause  of  trace  precipitation  about  half 
the  time. 

b.  Frontal  speed  is  less  than  it  is  when  high  westerly  winds  resiilt, 
the  median  speed  being  about  20  mps  as  compared  to  25  mph. 

c.  Wind  speed  at  10,000  feet  is  less  than  it  is  when  high  westerly 
winds  occur,  the  median  speed  being  30-35  knots  as  conpared  to  35-^  knots. 

Measurable  precipitation  usually  occurs  under  the  following  circum¬ 
stances: 

a.  When  there  is  frontal  activity  and  generally  cold  or  occluded 
fronts,  but  occasionally  with  slow-moving  or  stationary  ones. 

b.  When  frontal  speed  is  20  mph  or  less;  seldom  with  fronts  moving 
25  mph. 

c.  When  wind  at  10,000  feet  reaches  30  to  35  knots  southwest  12 
hours  before  and  at  the  time  of  precipitation. 

Precipitation  usually  begins  after  the  front  reaches  the  Fresno  area. 

Ihe  following  patterns  generally  exist  under  sionmer  shower  conditions: 

a.  Summer  showers  are  most  frequent  in  July. 

b.  !Ihe  wind-flow  at  10,000  feet  is  usually  east  to  southeast  at 
10  to  20  knots  locally,  and  easterly  over  southwestern  U.  S. 

c.  Measurable  precipitation  and  thunderstorm  activity  are  possible 
but  unlikely. 

d.  There  is  a  possibility  of  gusty  easterly  surface  winds,  35  to 
h5  knots. 
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Ihvmderstbrms 


Thvuiderstonns  are  not  common  directly  over  the  valley  and  do  not 
usually  constitute  a  problem  In  the  valley  area.  Heavy  and  swelling 
cumulus  clouds  are  noted  frequently  over  the  mountedns,  but  seldom  reach 
the  thunder stozn  stage.  Thunderstorms  occurring  most  frequently  have 
been  of  the  air  mass  type,  rather  than  the  cold  front  type.  The  main 
factors  that  contribute  to  the  formation  of  the  storms.  In  addition  to 
the  necessary  Instability  of  the  air  mass,  are:  a  well -developed  thermal 
trough  of  low  pressTire  over  the  Interior  of  California,  a  diurnal  heat¬ 
ing,  and  a  flow  of  moist  air  over  this  region. 

Despite  the  vigorous  diurnal  convectlonal  crarrents,  normally  the 
whole  mass  of  air  Is  too  warm  and  has  too  low  a  relative  humidity  to 
allow  these  rising  air  cirrrents  to  exceed  the  condensation  level  and 
produce  thruderstorms .  Dark  cumulonimbus  clouds,  sometimes  acconq>anled 
by  thunder  and  lightning,  do  form  occasionally  over  the  mountains  to  the 
northwest,  but  the  streamers  of  rain  that  can  be  seen  descending  from 
them  (called  vlrga)  usually  evaporate  in  the  arid  atmosphere  before  they 
reach  the  earth.  Sven  though  the  air  Itself  may  be  dry  and  have  unusxial 
evaporative  power  (high  temperature  and  low  relative  humidity),  there  Is 
usually  a  moderate  amount  of  moisture  In  the  atmosphere.  What  Is  lack¬ 
ing  Is  a  way  to  cause  It  to  be  condensed  and  precipitated. 


Temperatures 

The  mean  distribution  of  solar  energy  Is  such  that,  of  the  total 
amount  received  at  the  outer  limits  of  the  atmosphere,  approximately 
Is  reflected  back  Into  outer  space  either  from  the  tops  of  clouds  or  by 
the  diffuse  atmospheric  reflection  phenomenon  called  scattering.  Another 
Is  absorbed  by  the  gases  and  water  vapor  present  In  the  atmosphere, 
and  the  remaining  43^  Is  absorbed  by  the  earth’s  surface.  Reflection  to 
outer  space  varies  with  the  amoimt  of  cloudiness  present  In  a  given  re¬ 
gion.  Atmospheric  absorption  varies  with  the  amount  of  water  vapor  pres¬ 
ent,  and  terrestrial  absorption  veurles  with  the  albedo  or  reflectivity 
of  the  partloilar  surface.  A  sand  surface  has  a  relatively  high  albedo; 
dark  earth  surfEuses  tend  to  act  more  like  black  bodies  In  absorptive 
power.  Water  svirfaces  vary  in  absorptive  power  with  the  angle  at  which 
the  sun's  rays  strike  the  water,  being  high  when  the  siin  Is  overhead  and 
low  when  the  sun  strikes  the  surface  at  an  acute  angle,  since  much  of  the 
energy  Is  then  reflected. 

However,  In  a  study  of  solar  heating  In  a  particular  region,  most 
of  the  above  variables  must  be  disregarded.  In  Indian  Wells  Valley  we 
are  particularly  fortunate  in  having  an  exceptionally  constant  atmosphere. 
Moisture  content  is  generally  low,  heavy  cloudiness  is  relatively  rare, 
and  the  amount  of  Insolation  Is  mainly  dependent  on  latitude  and  seasonal 
characteristics . 
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Hhe  measurement  of  the  tes^rature  of  the  lower  layers  of  the  at¬ 
mosphere  near  the  surface  of  the  earth  Is  In^rtant  In  the  study  of 
small-scale  meteorological  effects  and  for  a  better  understanding  of 
the  climate  of  the  layer  of  air  In  which  most  animals  and  plants  exist 
In  this  desert.  USie  measurement  of  soil  s\irface  and  subsoil  tenperatvires 
Is  Inq^rtant  In  the  study  of  the  transport  of  heat  to  and  from  the  earth 
In  the  maintenance  of  the  heat  balance  of  the  atmosphere. 

These  ten^ratiure  measurements  are  of  Interest  locally  to  those  who 
design  and  construct  facilities  on,  near,  or  under  the  earth's  surface. 
IDie  design  and  construction  of  these  Installations  are  often  critically 
dependent  upon  the  siirroundlng  temperatures.  Although  considerable  cli¬ 
matological  measurements  data  have  been  published,  the  greater  part  has 
been  put  out  for  agricultural  uses.  Few  measurements  of  this  type  have 
been  made  In  dry,  hot,  desert  regions  similar  to  that  surrounding  Indian 
Wells  Valley. 

The  seasonal  changes  In  the  average  lapse  rate  of  air  temperature 
In  the  lower  levels  (below  10  feet)  Indicate  that  there  Is  a  definite 
decrease  In  lapse  rate  from  summer  to  winter  during  the  morning  hours. 
IXurlng  the  afternoon  hovirs  there  Is  even  a  more  definite  decrease  In  the 
lapse  rate  from  summer  to  winter.  This  corresponds  to  the  decrease  In 
radiation  received  at  the  earth's  surface  and  transferred  to  the  air  as 
heat  during  these  periods. 

For  every  month,  both  morning  and  afternoon,  the  average  lapse  rate 
of  temperature  Is  greater  than  the  adiabatic.  It  Is  very  much  greater 
during  the  afternoon  hours,  particularly  diarlng  the  summer  months.  For 
July  the  average  lapse  rate  from  2  inches  to  10  feet  is  as  much  as  250 
times  the  adiabatic  lapse  rate. 

A  comparison  of  temperst\ares  under  coverings  of  natiiral  sand,  mac¬ 
adam,  and  concrete  has  Indicated  that  there  Is  no  significant  differ¬ 
ence  of  the  mean  ten^ratmes  under  the  various  covers.  The  temperatures 
under  sand  and  concrete  covers  at  the  6-lnch  and  12-foot  levels  will  be 
nearly  the  same  while  those  under  the  niBr!Ai^«wi  at  those  levels,  will  be 
consistently  2  to  5*F  higher. 

The  seasonal  trend  of  the  mean  temperatures  at  levels  below  the 
earth's  surface  shows  a  significant  change  of  the  lapse  rate  from  one  of 
Increasing  temperature  with  depth  to  one  of  decreasing  temperature  with 
depth  being  very  evident  during  March  and  April.  The  Inverse  chaiige  In 
sign  of  the  lapse  rate  occurs  In  September  and  October.  With  depth,  de¬ 
creasing  amplitude  of  the  temperature  versus  height  Is  evident  as  well 
as  a  lag  In  conduction  of  heat  downwasrd.  The  ^nftv^lnl1lll  mean  temperature 
at  the  -10 -foot  level  occtirs  In  August,  or  two  months  after  the  maximum 
mean  tenperature  occurs  at  the  -6-lnch  level. 

There  Is  a  considerable  difference  In  the  range  of  the  means  and 
extremes  of  the  afternoon  soil  surfeuse  temperatures  as  compared  with  the 
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mean  maximum  air  ten^jeratiire  at  the  ^-foot  level.  Since  the  layers  of 
air  near  the  soil  surface  closely  approach  the  ten^jerature  of  the  soil 
STjrface,  the  difference  between  these  two  ten5>eratures  represents  the 
mean  teiiperature  lapse  rate  of  the  air  between  the  soil  surface  and  the 
5 -foot  level.  Uie  lapse  rate  for  July  Is  3U*F  from  approximately  1  foot 
to  10  feet.  Obviously  then^  the  large  change  In  ten^jerature  lapse  rate 
occurs  below  the  1-foot  level,  and  more  exactly,  below  the  2-lnch  level. 
When  considering  the  general  characteristics  of  the  conduction  of  heat 
throiigh  the  soil.  It  will  be  found  that  subsoil  temperatures  will  show 
the  effect  of  heat  being  conducted  through  the  soil  In  the  manner  of  a 
daspened  sine  wave  propagated  downward  and  completely  damped  below  the 
10 -foot  level. 

A  comparison  of  the  short-range  temperature  changes  below  the  soil 
surface  will  make  quite  evident  the  difference  between  the  amplitude 
changes  In  the  lag  In  conduction  downward.  Even  at  the  -1-lnch  level, 
the  maximum  tenperatture  occurs  ^  hoiurs  after  the  air  at  the  3-foot  level 
has  reached  a  maximum  temperature. 

^e  damped  sine  wave  nature  of  the  conduction  of  heat  through  the 
soil  during  a  2k-  to  4d-hour  period  Is  evidenced  by  the  fact  that  during 
these  short  term  periods,  the  temperature,  which  varies  from  5*P  to  11 *F 
at  the  -1-lnch  level,  becomes  essentially  constant  below  the  -1-foot 
level.  The  change  in  temperature  below  this  level  will  be  appreciable 
only  over  long  periods.  That  there  is  a  change  in  temperature  below 
the  -1-foot  level  Is  Indicated  by  a  yearly  variation  of  15 *P  in  the  mean 
temperature  at  the  -10 -foot  level.  It  can  be  said,  then,  that  there  will 
be  little  variation  of  temperature  below  the  -10 -foot  level,  even  with  a 
large  variation  In  the  surface  and  air  temperatxires . 

Generally,  the  summers  in  Indian  Wells  Valley  are  Inclined  to  be 
very  warm  to  hot,  while  winters  are  correspondingly  cold.  As  a  result 
of  the  prevailing  dryness  of  the  ground,  the  arrival  of  spring  is  rela¬ 
tively  sudden,  so  that  the  warm  season  advances  rapidly.  Uie  quick  rise 
In  spring  temperatxures  Is  much  greater  than  In  more  himnld  climates,  where 
a  large  part  of  the  sun's  energy  Is  expended  In  melting  snow  and  evapo¬ 
rating  the  water,  rather  than  In  heating  the  ground  and  air. 

Due  to  its  interior  location,  the  valley  has  relatively  severe 
seasonal  temperatures  and  a  consequent  wide  annual  temperature  range. 

The  monthly  temperature  range  varies  from  an  average  of  about  30 *P  to 
35*P  in  the  summer  to  26*F  to  28 *F  in  December  and  the  early  spring. 

The  greatest  daily  range  in  temperature  appearing  in  available  records 
was  48 *F  in  December.  Surface  winds  and  clouds  reduce  this  amplitude, 
sometimes  by  half,  and  they  can  change  the  time  of  the  extremies  by  an 
ho\ur  or  two.  During  the  summer  the  maximum  temperature  occurs  around 
l600  PST  each  day,  and  the  minimum  between  0400  and  05OO  PST.  In  the 
winter  the  maximum  occots  between  1300  and  l400  PST  and  the  minimum  be¬ 
tween  0600  and  0700  PST.  The  minimum  temperatures,  varying  from  about 
10 *F  to  45 *P,  tend  to  occia:  24  to  36  hours  after  a  cold  front  passage. 
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Tables  J,  8,  and  9  present  various  surface  tesQ^erature  data;  Table  10  is  a  coniplete  surface  \ 
and  Appendix  B  present  the  ^en^eratures  of  the  upper-air  by  months  and  seasons  from  $>000  through 
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FIG.  1.  Monthly  Gpper-Alr  Temperatures. 
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:  various  surface  teoiperature  data;  Table  10  Is  a  coo^lete  surface  weather  summary;  Figs.  1  and  2 
jeratures  of  the  upper-air  by  months  and  seasons  from  5>000  through  100,000  feet  above  m.s.l. 
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FIG.  1.  Monthly  Upper-Air  Tenqperatures . 
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FIG.  2.  Seasonal  Upper-Air  Temperatures. 
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Av.  Days/ 
High  of  100* 
or  More 

0 

0 

0 

0 

0.9 

9.9 

22.6 

18.5 

8.6 

0 

0 

0 

60.5 

Av.  Days/ 
Low  of  32* 
or  Less 
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H  H 

Date 
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CVJ  H 

Lowest 

(deg) 

vO-4-OJCO^CVJtfNm  QCVJpOJ  CVJ 

H04CMfn-d*ir\irN 

Date 

day/yr 

I— 1 

C7\  H  ON  CQ  CVJ  ON  -d-  VO 
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no 

no 
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88 
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n4 
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Jul 
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Dec 

Year 
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TABLE  8.  Numter  of  Days  in  Which  Temperatures  Rose  Above  95 *F 


19k7 

19<^ 

19‘»9 

1950 

1951 

1952 

1953 

1951* 

1955 

1956 

1957 

1958 

1959 

i960 

1961 

L 

1962 

Mean 

Apr 

0 

0 

0 

B 

2 

0 

0 

0 

0 

B 

0 

0 

0 

1 

0 

D 

0 

O.I» 

N^r 

0 

7 

1 

D 

B 

5 

7 

0 

6 

B 

2 

2 

B 

2 

H 

0 

3.2 

3m 

12 

6 

12 

19 

D 

16 

7 

13 

13 

13 

18 

22 

□ 

29 

27 

18 

20 

16.0 

3vX 

29 

26 

26 

31 

1 

26 

30 

29 

31 

30 

2k 

2k 

29 

28 

31 

30 

27 

29 

28.5 

kat 

26 

16 

29 

23 

25 

2U 

31 

26 

16 

31 

27 

25 

30 

26 

25 

20 

30 

25-5 

8fp 

6 

Ik 

15 

18 

5 

23 

15 

18 

10 

lU 

20 

U 

18 

10 

16 

k 

20 

13.9 

Oet 

0 

1 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0.5 

T«ar 

75 

70 

85 

81 

96 

9k 

66 

77 

83 

91 

89 

97 

100 

102 

JLi 

100 

88.0 

TABLE  9*  Degree  Days,  19^6-1962 


Period 


Degree  Days* 


January  ------------------  -680 

February-  -----------------  -k62 

March  -----  —  -336 

April  -------------------  -101 

May  ------  —  -  —  —  31 

June-  --------------------  0.8 

July-  -----  —  0 

August-  -------------------  0 

September  ------------------  1,4 

October  ----  —  _____________  70 

November-  -----------------  -392 

December-  -----------------  -64l 


Year . 2,715 

^BBSSSSSSSSaSSS3SSSSSS3SS:^S:^3aBaSBaBKKSSSaRaSSS=SBS&S3S5 

*  -  , 

A  degree  day  is  65  F  minus  the  mean  daily  temper¬ 
ature,  with  negativ6  values  considered  zero. 
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TABLE  10.  Weather  Summary,  19i^6-1962 
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TABLE  10.  Weather  Siamnary,  1946-1962 
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Temperatvire  Inversions.  In  the  atmosphere  during  the  daytime  the 
tRmpBrn.t.iir<»  nnrmany  with  altitude.  Because  the  heat  absorbed 

by  the  air  mass  is  distributed  throughout  the  mass,  and  because  water 
vapor  retains  this  heat  tenaciously,  reradiatlon  of  the  absorbed  energy 
eifter  sunset  to  outer  space  from  the  atmosphere  itself  proceeds  rela¬ 
tively  slowly. 

However,  the  earth's  surface  acts  differently.  Heat  is  absorbed 
only  into  the  few  top  Inches  of  the  surface  because  of  its  density  and 
insulating  qualities.  As  only  a  small  amount  of  heat  can  be  retained  in 
such  a  small  volume,  this  heat  is  quickly  reradiated  after  sunset  and 
the  surface  cools  rapidly.  In  so  doing  it  cools  the  air  iranediately 
adjacent  to  the  siirface,  resxilting  in  the  phenomenon  known  as  an  inver¬ 
sion.  In  the  inversion  condition,  the  normal  temperature  distribution 
in  the  atmosphere  is  reversed  and  temperature  increases  with  height  from 
the  ground  to  the  top  of  the  inversion. 

Ihe  depth  of  the  inversion  depends  on  the  mixing  of  air  by  wind 
movements.  Very  light  winds  or  calm  conditions  are  necessary  to  produce 
a  deep  inversion;  strong  winds  near  the  surface  which  tend  to  mix  the 
surface  cold  air  with  the  wanner  air  above  destroy  the  inversion.  For¬ 
tunately,  in  the  majority  of  cases,  light  winds  prevail  at  night  over 
the  valley,  producing  a  deep  inversion  at  simrise. 

As  the  sun  comes  up,  heating  of  the  surface  takes  place  emd  the  in¬ 
version  is  slowly  dissipated.  Whether  the  inversion  will  dissipate  com¬ 
pletely  or  not  depends  upon  the  amoimt  of  surface  cooling  during  the 
night  and  the  amount  of  teraperatiire  rise  during  the  following  day.  If 
the  Inversion  is  con^jletely  dissipated,  continued  surface  heating  will 
cause  convective  currents  to  rise,  producing  gusty  winds  and  cumulus 
clouds,  if  sufficient  moisture  is  present  in  the  atmosphere. 

Short  wavelength  radiation  does  not  produce  an  inversion,  no  matter 
how  sharp  the  moisture  discontinuity.  Furthermore,  it  has  been  found 
that  the  sharper  the  moisture  discontinuity,  the  greater  the  heating  at 
the  base  of  the  inversion. 

Light  winds  help  form  a  steep  inversion  of  shallow  height,  while 
strong  winds,  by  turbulent  mixing,  help  form  a  weak  inversion  of  great 
height  or  no  inversion  at  all  because  the  temperatvire  loss  is  distributed 
over  a  greater  height. 

Both  warm  and  cold  fronts  are  inversions  because  cold  air  lies  below 
warm  air  along  a  frontal  surface.  Moisture  content  as  well  as  tempera¬ 
ture  normally  increase  with  altitude  through  a  frontal  surf  ewe.  Rain 
or  snow,  when  falling  first  through  a  moist  layer  and  then  a  dry  layer, 
cools  the  dry  layer  sufficiently  to  create  an  inversion  between  the  top 
of  the  origina3.1y  dry  layer  find  the  base  of  the  moist  layer. 
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A  steep  lapse  rate  of  temperature  below  ein  Inversion  Is  caused  by 
one  or  more  of  several  factors.  In  the  first  place.  It  Is  desirable 
that  some  wind  and  preferably  a  brisk  breeze  be  present  to  keep  the  air 
parcels  In  continuous  motion.  In  the  absence  of  wind,  very  little  stir¬ 
ring  can  occur.  Vertical  motions  of  particles  are  damped  out  by  strong 
resistance,  even  In  the  presence  of  wind,  when  the  air  Is  too  stable. 

A  very  strong  wind  over  rough  or  even  semirough  terrain  will  redistribute 
the  heat,  lowering  the  temperature  at  the  top  and  increasing  it  at  the 
base  of  a  layer  of  air,  but  the  introduction  of  some  other  agent,  such 
as  the  sun,  greatly  hastens  the  process.  Ibe  sun  heats  the  earth's  sur¬ 
face  suid  thereby  irarms  the  lower  levels  of  any  earth-contiguous  air  lay¬ 
ers.  A  lot  of  wind  in  the  presence  of  surface  heat  insiires  a  well-defined 
layer  of  mixed  air  and  practically  guarantees  an  inversion  aloft. 

Pronounced  inversions  of  temperature  located  below  5>000  feet  above 
the  surface  are  seldom  the  resxilt  of  one  factor.  They  are  primarily  in¬ 
versions  between  a  well -mixed  surface  layer  of  air  and  an  unmlxed  higher 
layer,  which  have  been  strengthened  by  subsidence.  Both  factors  operat¬ 
ing  simultaneously  can  create  inversions  from  10 *C  to  15*C  in  1,000  feet, 
although  the  ordinary  inversion  is  not  this  well  defined.  A  single  in- 
version-creating  process  operating  alone  never  produces  inversions  as 
great  as  those  resulting  from  the  pressure  of  two  or  more  processes  op¬ 
erating  simultaneously. 

Inversions  separating  a  surface  layer  of  mixed  air  from  a  higher 
layer  of  unmixed  air  are  higher  in  summer  than  winter  but  they  are  more 
prominent  in  winter  than  in  summer.  The  reason  for  this  lies  in  the 
fact  that  a  high  summer  sun  creates  hot  land  which  tends  to  send  con¬ 
vection  currents  to  high  levels,  thereby  destroying  inversions  or  raising 
them  to  great  heights.  Long  nights  and  low  daytime  s\m  in  winter  months 
favor  the  maintenance  of  any  inversion  that  might  develop,  even  at  sur¬ 
face  levels. 

Whenever  the  atmosphere  is  subsiding,  an  inversion  develops  within 
the  sinking  edr.  When  the  inversion  nears  the  earth,  it  is  enhanced  by 
a  mixed  surface  layer. 

In  these  subsidence  inversions,  the  sinking  air  heats  due  to  com¬ 
pression  as  it  nears  the  earth.  If,  therefore,  a  layer  of  air  sinks 
down  to  a  certain  level  and  then  flows  laterally,  all  the  heat  that  ac¬ 
cumulates  in  the  layer  raises  its  temperature  considerably  above  that 
of  the  layer  immediately  below.  An  inversion  of  temperature  is  inevit¬ 
able  between  the  heated  layer  and  the  cooler  surfEuie  layer. 

With  a  high  pressure  cell  over  the  Great  Basin,  marked  subsidence, 
accompeuiled  at  times  by  a  very  strong  surface  inversion,  is  typically 
evident  in  this  region.  Ihe  subsidence  inversion  usually  is  preceded  by 
a  northerly  to  northwesterly  flow  aloft,  emd  is  accon^anled  by  a  rela¬ 
tively  light  and  variable  wind  condition  aloft,  TOie  clear  dry  air  occur¬ 
ring  with  this  inversion  is  very  favorable  for  radiation  loss  from  the 


30 


HAVWEPS  RBPORT  7960 


surface  during  the  night,  together  with  low  minimum  tentperatares.  The 
absence  of  strong  winds  aloft  during  the  dominance  of  the  Basin  High, 
and  the  low  values  of  Insolation  during  the  winter  months  tend  to  main¬ 
tain  the  surfeuse  Inversion  once  it  has  formed. 

The  typical  lapse  rate  In  the  early  morning  consists  of  an  Inversion 
In  the  lowest  few  hundred  meters,  above  which  Is  the  normal  decrease  of 
ten^ratures  with  height.  As  the  siu  comes  up,  siurface  heating  takes 
place  and  the  Inversion  la  slowly  dissipated  as  convection  creates  a  dry 
adiabatic  lapse  rate  through  a  layer  \d)lch  Increeuses  In  height  until  the 
time  of  maximum  ten^rature.  Whether  the  Inversion  will  dissipate  com¬ 
pletely  depends  on  the  amount  of  surfeuse  cooling  during  the  night  and 
the  amount  of  temperature  rise  during  the  following  day.  If  the  Inver¬ 
sion  Is  conpletely  destroyed,  continued  surface  heating  will  cause  the 
lapse  rate  to  exceed,  sometimes  greatly,  the  dry  adiabatic  lapse  rate 
through  the  lower  200-300  feet. 

Air  passing  from  west  to  east  over  the  Sierras  causes  formation  of 
a  turbxilent  leeslde  eddy.  Ghis  causes  surface  winds  on  the  lee  side  to 
become  extremely  gusty,  creating  strong  turbulence  aloft.  Winds  of  this 
natxire  do  not  appear  strong  enough  to  prevent  the  siirface  Inversion  from 
forming  during  the  hours  after  sunset.  Ohe  radiation  inversion,  in  t\um, 
presents  a  barrier  of  stable  air  to  the  30-  to  35-mph  gradient  winds  and 
prevents  them  from  reaching  the  surface.  Ihe  siurface  winds,  however, 
will  pick  up  after  0930  PST  as  the  Inversion  is  destroyed  by  daytime 
heating. 

Changes  in  noise  intensity  of  similar  alrcrsift  in  flight  can  be 
caused  by  changes  in  the  relative  position  of  the  aircraft  with  respect 
to  the  point  of  observation,  and  to  the  position  of  a  regional  tempera¬ 
ture  inversion. 

Under  normal  convective  conditions  (clear  sky),  aircraft  noise  will 
be  moderate.  Its  Intensity  will  vary  with  relative  motion  of  the  plane 
in  approximate  accord  with  the  inverse  square  law. 

Under  known  inversion  conditions,  aircraft  noise  will  be  Intense 
€U3d  will  not  vary  with  relative  motion  of  the  plane  in  accordance  with 
the  inverse  square  law  or  with  any  other  simple  law.  The  plane  noise 
will  be  intense  when  the  aircraft  is  below  the  Inversion  and  will  be 
almost  undetectable  when  the  aircretft  is  above  the  inversion.  Quite 
similar  conditions  will  be  noted  with  low  strata  clouds. 

Sudden  cessation  of  aircraft  noise  will  be  noted  idien  an  aircraft, 
flying  beneath  an  inversion,  penetrates  the  Inversion  layer  and  rises 
above  it. 

Aircraft  noise  dvurlng  Inversion  conditions  can  be  reduced  If  the 
aircraft  climbs  to  an  altitude  exceeding  the  height  of  the  Inversion  as 
rapidly  as  possible  after  takeoff  and  then  levels  off  Instead  of  climb¬ 
ing  gradually  to  cruising  altitude. 
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Jaroyature-Caused  l^n^nn.  (1)  Dust  devils:  Conditions  condu¬ 
cive  to  the  fomation  and  maintraance  of  dust  devils  are  (a)  relatively 
level  terrain  with  loose  surface  material,  (b)  winds  near  the  surface 
below  certain  (as  yet  undetermined)  critical  velocities,  and  (c)  Intense 
surface  heating,  with  lapse  rates  near  the  surface  greatly  exceeding 
the  dry  adiabatic  rate.  3he  weather  and  terredn  here  in  the  valley  are 
extremely  favorable  for  the  formation  of  dust  devils. 

Seme  texts  give  the  mistaken  impression  that  when  the  lapse  rate 
exceeds  the  autoconvective  rate  (when  density  increases  with  height), 
convection  and  overtiurning  will  be  initiated  Inmediately  without  any 
external  impulse.  Both  theory  and  observation  show  that  this  is  not 
true.  Lapse  rates  greatly  exceeding  the  autoconvective  rate  have  been 
measured  during  dust-devil  and  Inferior-mirage  conditions.  !Die  very 
fact  that  these  Inferior  mirages  are  observed  shows  that  near  the  sur¬ 
face  there  must  be  layers  of  air  with  lapse  rates  exceeding  the  auto¬ 
convective,  and  that  these  layers  must  be  of  appreciable  horizontal 
extent. 


Stability  is  usiu^ly  determined  by  the  acceleration  produced  on  a 
test  particle  when  it  is  given  a  vertical  displacement  from  its  initial 
position.  However,  if  a  layer  of  heated  air  near  the  surface  is  undis¬ 
turbed,  the  lapse  rate  may  exceed  the  autoconvective  rate  without  con¬ 
vection  taking  place  automatically.  Any  slight  vertical  perturbation 
could,  however,  be  the  trigger  action  for  convection. 

!nie  standard  theory  for  the  formation  of  dust  devils  assiunes  that 
hot  air  near  the  surface  breaks  through  the  superadiabatlc  layers  near 
the  ground  and  rises  in  a  columnar  form.  It  is  assumed  that  the  incom¬ 
ing  air  is  deflected  to  one  side  or  the  other  of  the  rising  air  colinnn, 
forming  a  whirl  which  may  spin  either  to  the  right  or  to  the  left. 

!Rie  times  of  occurrence  of  these  whirls  are  usually  from  1  to  ^ 
hours  before  the  times  of  maximum  temperatures  or  between  1100  and  1^ 
PST  with  the  most  common  period  being  from  13OO  to  lUoo  PST.  The  prob¬ 
able  reason  for  this  is  that  wind  speeds  normally  Increase  as  the  times 
of  maximum  teng>eratures  are  approached,  and  when  certain  critical  speeds 
are  reeushed,  dust  devils  cannot  exist.  These  critical  speeds  have  not 
yet  been  determined  but  vary  with  lapse  rate  and  other  factors. 

As  to  size,  the  dust  devils  may  range  in  diameter  from  20  feet  to 
200  feet,  and  in  height  from  10  to  4,000  feet  with  no  consistent  ratio 
between  diameter  and  height. 

Velocities  in  the  dust  devils  are  estimated  to  be  from  6  to  10 
Beaufort  (2^  to  63  mph).  Ihe  rate  of  horizontal  movement  is  about  ^  to 
30  mph.  Maximum  duration  of  a  single  dust  devil  is  probably  about  20 
minutes.  Rows  of  these  whirlwinds  may  develop  along  the  leading  edge 
of  steep  cold  fronts. 
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(2)  Mirages  and  heat  waves:  Mirages  occur  when  there  are  strong 
temoperature  contrasts  In  adjacent  layers  of  air.  Die  most  common  mirages 
are  those  In  which  there  are  deceptive  appearances  of  water  surfaces  and 
those  In  which  there  are  Images  of  distant  objects,  both  of  ^Ich  result 
from  the  observed  Images  and  the  weather  conditions  causing  the  mirage. 

The  common  Inferior  mirage,  producing  either  the  Illusion  of  a  water  sur> 
face  or  an  Inverted  image,  results  from  superadlabatlc  temperature  lapse 
rates  which  cause  a  rapid  Increase  of  air  density  with  height.  This  Is 
a  condition  favorable  for  convection  In  which  convection  has  not  yet  be¬ 
gun  because  of  lack  of  turbulence  and  the  slow  transfer  of  heat  by  con¬ 
duction  and  radiation.  Uie  apparent  water  surface  Is  the  image  of  the 
sky  being  reflected  from  the  surface  of  this  layer  of  superheated  air. 

The  eye  of  the  observer  must  be  somewhat  above  the  heated  layer  in  order 
to  observe  this  phenomenon.  In  this  type  of  mirage  a  distant  object  and 
Its  inverted  Image  below  it  are  sometimes  seen.  This  effect  is  also 
caused  by  the  heated  layer  of  air  acting  as  a  reflector.  Because  the 
Image  is  below  the  visible  siarface  or  real  object,  it  is  called  an  in¬ 
ferior  mirage. 

When  there  is  a  sharp  temperature  inversion  with  the  consequent  de¬ 
crease  in  air  density  with  height,  there  is  sometimes  produced  a  superior 
mirage  in  which  a  distant  object  and  two  images  appear  higher  and  closer 
to  the  observer  than  the  actual  location  of  the  object,  resulting  In  what 
has  been  called  looming.  An  example  of  the  multiple  images  would  be  the 
sighting  of  a  building  in  the  distance  with  another  building  floating 
above  it  apparently  upsidedown,  and  above  this  still  another  building, 
upright  in  this  case.  These  phenomena  are  due  to  gradual  bending  of 
light.  We  speak  of  layers  of  warm  and  cold  air,  but  it  sho\ild  be  under¬ 
stood  that  the  transition  from  one  layer  to  another  is  not  abrupt.  There 
is  a  mixing  and  a  gradual  change  in  the  refractive  power  of  the  air,  and 
the  effects  seen  in  mirages  are  due  to  this  continuous  variation.  Com¬ 
plete  stratification,  with  mlrror-llke  bounding  surfaces,  does  not  occur 
in  nature. 

Although  both  superior  and  inferior  mirages  are  common  to  this  area, 
it  is  the  inferior  mirage  which  is  characteristic  of  the  valley  where 
clear  skies,  dry  air,  and  sandy  soil  frequently  result  in  superadlabatlc 
lapse  rates.  Ihe  heat  from  the  hot  desert  surfaces  eidded  to  the  air 
causes  a  shimmering  of  the  air  which  is  always  associated  with  the  in¬ 
ferior  mirage.  This  shimmering,  called  heat  waves,  results  from  the  ir¬ 
regular  variations  of  the  density  of  the  air  associated  with  the  processes 
of  convection  and  vertical  transport  of  heat.  It  is  assumed  that  this 
vertical  transport  of  heat  will  be  sufficient  to  create  shimmering  only 
as  long  as  a  lapse  rate  eq\ial  to  the  dry  adiabatic  or  less  is  maintained, 
in  which  case  an  increase  of  density  with  height  will  result. 

Even  under  the  most  favorable  conditions,  the  absolute  maximum  to 
which  heat  waves  will  rise  is  2,500  feet. 
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Heat  vaves  usually  begin  to  be  visible  vlthln  a  half-hour  of  the 
time  the  heating  of  the  surface  begins  (approxljnately  0600  PST  In  the 
summer),  and  completely  cease  at  the  time  cooling  begins  (approximately 
1600  FST)  .  During  this  time,  the  Intensity  Increases  tram  a  very  sll^t 
shluner  to  maximum  shlmaer  between  1200  and  l400  FST,  and  then  decreases 
to  a  very  slight  shimmer  again  before  the  heat  vaves  cease  at  about  I600 
PST. 


AIR  POLUTION 


Particles  or  molecules  of  dust,  smoke,  and  haze,  originating  at  the 
stirface  of  the  earth,  are  carried  from  their  source  by  parcels  of  air. 

If  air  parcels  are  unable  to  rise  due  to  great  stability  of  the  air,  the 
atmospheric  pollution  will  be  distributed  horizontally  but  not  vertically. 
Air  pollution  over  the  valley  is  produced  by  two  different  meteorological 
conditions:  (l)  blowing  dust  and  sand  caused  by  strong  euid  turbulent  sur¬ 
face  winds,  and  (2)  dust  and/or  smoke  concentrated  in  the  lower  levels 
primarily  In  the  winter  months  and  In  the  early  mornings  when  nocturnal 
cooling  places  an  Inversion  on  the  ground  and  prevents  all  vertical  mo¬ 
tions  of  air.  Under  these  conditions  vertical  distribution  of  the  ewscu- 
mulated  foreign  particles  cannot  occur.  However,  should  the  edr  lose  its 
stability  sufficiently  to  permit  Its  parcels  to  move  both  horizontally 
and  vertically,  each  parcel  will  carry  its  share  of  pollution  to  higher 
levels,  thereby  decreasing  the  concentration  of  these  substances  along 
the  earth.  In  thoroughly  mixed  air,  eLLl  is^urltles  are  distributed  uni¬ 
formly  In  a  layer  extending  upward  to  a  level  above  which  parcels  cannot 
rise,  l.e.,  a  stable  layer.  An  Inversion  Is  a  stable  layer  of  air  which 
prohibits  emy  and  all  vertical  penetration  by  rising  parcels;  It  there¬ 
fore  Is  the  top  of  a  layer  In  which  there  can  be  an  equality  In  concen¬ 
tration  of  irqrurltles,  often  Indicated  by  a  very  definite  and  visible 
heue  line,  above  which  the  air  Is  clean  and  hlg^y  transparent. 

!^lcal  exanples  of  this  condition  found  In  the  local  area  are  the 
smoke  layers  (noticed  In  the  early  morning  hours)  which  are  caused  by 
the  stratification  of  the  smoke  from  the  burning  pits  of  the  local  dumps; 
the  layers  of  dust  to  the  west,  caused  by  the  sand  and  gravel  company 
operations  there,  and  the  haze  \dilch,  on  occasion,  drifts  In  to  Indian 
Wells  Valley  from  Owens  Valley  (the  line  of  demarcation  can  usually  be 
located  only  by  a  pilot  flying  through  this  haze  layer). 

Another  condition— a  winter  situation— occurs  when  this  area  Is 
dominated  by  a  Great  Basin  High  pressure  system,  which  may  persist  for 
3  to  ^  days,  nils  Basin  High  Is  accompanied  by  clear,  subsiding  dry  edr 
aloft  and  nearly  calm  winds  at  the  surface  during  the  nighttime.  These 
conditions  are  favorable  for  considerable  radlatlonal  surface  cooling  at 
night,  resulting  In  the  formation  of  a  sharp  teoqierature  Inversion  from 
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the  ground  upward.  Ihe  stratification  In  the  lower  leiyers  Is  thus  very 
stable,  and  therefore  unfavorable  to  mixing  processes  that  would  distrib¬ 
ute  the  pollution  over  a  deeper  layer.  It  has  also  been  observed  that 
early  morning  hour  traffic  In  the  valley  stirs  up  dust,  which  cannot 
penetrate  the  Inversion  resulting  In  reduced  visibilities  for  2  to  3 
hours  Eifter  svinrlse. 


EFFECTS  OF  WEATfUE  VARIATIONS  UPON  WINDS  ALOFT 


Effects  of  Dally  Weather  Variations 

During  the  night  and  In  the  early  morning  hoiurs  light  winds  gen¬ 
erally  prevail  in  the  valley  with  frequent  moderate  to  strong  winds 
rising  dviring  the  afternoon.  Biese  relatively  high  afternoon  winds  etre 
caused  by  several  factors.  Bie  high  diurnal  variations  (daily  fluctua¬ 
tions  of  teBq)erature  due  to  the  succession  of  day  and  nl^t)  and  resiilt- 
Ing  pressure  gradient  differentials  are  one  cause.  IDie  high  degree  of 
surface  heating  in  the  area  and  the  unstable  lapse  rate  in  the  afternoon 
causes  vertical  air  currents  and  dust  devils.  If  sufficient  moisture  Is 
present,  these  vertical  air  currents  will  cause  cumuli-form  clouds  to 
form.  These  clotids,  in  ttrm,  will  cause  uneven  heating  of  the  sxirface 
which  will  further  aggravate  the  situation. 

Stability  and  instability  of  the  air  determines  to  a  large  extent 
the  degree  of  wind  increase  over  a  crest  of  terrain  (such  as  suiy  of  the 
surrounding  mountains) .  Stable  air  resists  vertical  motions  much  more 
Intensely  than  unstable  air.  Parcels  of  air  In  a  layer  of  stable  air 
traveling  toward  a  mountain  range  will  try  to  escape  through  the  passes 
and  will  resist  strongly  any  uphill  motions  imparted  to  them  by  the  In¬ 
ertia  of  the  layer  as  a  whole.  When  the  air  is  stable,  therefore,  wind 
velocities  In  the  valley  and  passes  Is  substantially  Increased.  All  the 
edn  ^Ich  caxmot  be  accommodated  by  either  the  valley  or  the  passes  must 
flow  over  the  crests  of  terrain,  where  it  will  pass  at  the  lowest  pos¬ 
sible  level  at  a  greatly  avigmented  velocity.  Ihe  net  result  of  stability 
in  air  composing  an  uphill  wind  is  a  tendency  toward  Increased  velocities 
In  the  passes,  throughout  the  valley,  and  near  the  surface  along  higher 
terrain,  but  with  very  little  change  in  the  velocity  pattern  a  short  dis¬ 
tance  above  the  mountsdn  tops. 

When  strong  winds  pass  over  the  moxmtaln  range,  they  cause  the  usual 
leeslde  turbulence  but  predominately  In  the  higher  levels,  and  then,  due 
to  Increased  velocity,  pus  over  an  area  of  relative  ceilm,  coming  to  earth 
some  distance  away.  It  Is  entirely  possible  for  this  stream  of  air  to 
then  bounce  eCLoft  once  agcdji  and  pass  over  still  another  area  of  light 
winds  or  calm.  These  conditions,  ^Ich  are  very  typical  of  this  eurea  dur¬ 
ing  periods  of  a  strong  westerly  or  northerly  flow  of  air  passing  over  the 
Sierras,  cause  considerable  turbulence  as  well  as  very  erratic  winds  aloft. 
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Rougb  or  mountainous  terrain  very  frequently  deflects  air  parcels 
much  more  than  does  smooth,  even  terredn.  Winds  will  change  direction 
as  much  as  80*  to  90*  if  by  so  doing  they  can  blow  through  a  mountain 
pass  or  along  the  valley.  If  air  parcels  are  forced  to  travel  over  the 
top  of  high  terrain  such  as  the  mountain  ridges  surrounding  the  valley, 
previously  mentioned  eddy  currents  cure  created,  and  their  velocity  is 
substantially  increased  over  a  region  centered  on  the  greatest  height 
of  the  elevated  terrain. 

On  the  other  hand,  vmstable  air  does  not  resist  vertical  thrusts 
and  exhibits  little  reluctance  toward  climbing  a  mountain  or  hill.  In 
passing  over  moiintalnous  terrain,  an  increase  in  velocity  must  occur, 
but  irlll  be  distributed  throughout  the  depth  of  the  vmstable  layer.  IQie 
total  velocity  Increase  Is  less,  though  It  extends  to  greater  heights 
than  in  the  case  of  stable  winds.  Likewise,  the  valley  and  pass  winds 
are  not  eus  strong. 

Below  the  gradient  level  (the  point  at  which  the  flow  of  air  is  not 
affected  by  surface  friction)  both  wind  direction  and  velocity  are  al¬ 
tered  by  the  retarding  effect  of  surface  friction,  vrtiereas  above  this 
level  the  winds  will  be  found  to  be  fairly  constant. 

Seldom,  if  ever,  does  a  surface  wind  blow  with  constant  velocity  or 
direction  for  intervals  exceeding  a  minute  or  two.  Under  extreme  condi¬ 
tions,  velocity  variations  range  from  twice  the  average  value  to  a  near¬ 
calm,  and  direction  variations  describe  sm  angle  of  to*  to  50 *•  Ordinary 
winds  possess  a  velocity  variation  of  about  505J  and  a  direction  variation 

of  20*  to  30*. 

A  stationary  circulation  pattern  will  result  In  steady  surface  and 
aloft  winds,  but  a  traveling  wind  pattern  will  result  in  continuously 
changing  velocities  and  directions.  Gusts  are  present  only  when  the 
pattern  moves. 

Anabatic  and  katabatic  winds  will  have  some  effect  on  changing 
direction  and  velocity  patterns.  Anabatic  winds  are  verticedly  rising 
winds  resulting  from  instability  and  katabatic  winds  are  shallow,  but 
sometimes  strong,  surface  winds  blowing  down  hills.  They  result  from 
nocturnal  cooling  of  a  shallow  svurface  layer  of  air,  and  are  not  neces¬ 
sarily  associated  with  a  wind  system. 

Winds  in  the  area  are  generally  steady  in  direction  when  of  signif¬ 
icant  velocity,  with  velocity  usually  varying  according  to  thermal  con¬ 
ditions,  the  strongest  gusts  ordinarily  being  associated  with  frontal 
passages. 

Through  the  day,  wind  velocities  tend  to  Increeue  with  heating  cud 
diminish  after  sundown.  Rapid  cooliisg,  however,  may  give  relatively  high 
velocities  throughout  the  night.  Particularly  active  convective  cloudi¬ 
ness  during  the  s\ammer  may  cause  gusts  of  to  miles  per  hour  or  more. 
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Effects  of  Seasonal  Weather  Variations 


!nie  local  wind  conditions  reflect  the  stable  atmospheric  conditions 
and  keep  temperature  inversions  of  the  winter  and  spring  months,  with 
occasional  strong  cyclonic  disturbances  resulting  in  high  winds  during 
the  period  when  the  frequency  of  light  winds  is  the  greatest.  During 
the  Slimmer  and  early  fall  months  when  pressure  gradients  are  weak  and 
cyclonic  dlstrubances  infrequent,  light  winds  and  very  strong  winds  occur 
infrequently  while  winds  with  maximum  speeds  from  20  to  ^0  occur  most 
frequently.  Aided  by  strong  thermal  gradients,  they  reach  their  peak  usu¬ 
ally  during  the  afternoon  and  evening.  Light  winds  prevail  during  the 
early  morning  hours  of  this  period.  In  genereuL,  extreme  maximum  speeds 
at  levels  below  10,000  feet  m.s.l.  occur  in  January  and  February,  and 
through  September,  October,  and  November,  while  at  higher  levels,  max¬ 
imum  speeds  occur  In  March  and  April  as  well  as  in  November  and  December. 
The  months  from  July  through  October  have  low  maximum  wind  velocities  at 
all  levels.  With  increasing  altitudes  above  ^,000  feet  m.s.l.,  minimum 
average  speeds  occur  from  June  through  September. 

Below  the  5,000-foot  level,  the  prevailing  wind  direction  shows  the 
steering  effect  of  the  Indian  Wells  Valley  topography  in  the  large  nianber 
of  southeast  and  south- southeast  winds  during  the  summer  and  fall  months, 
and  north  winds  during  the  winter  and  spring  months.  The  flow  of  edr 
from  the  surface  to  3> 000-foot  m.s.l.  is  predomlnantely  from  the  south 
diuring  the  entire  year  as  indicated  by  the  prevailing  direction  of  south¬ 
west  at  the  surface  for  every  month  of  the  year  and  the  prevailing  direc¬ 
tion  of  southeast  at  the  3# 000 -foot  m.s.l.  level  for  all  months  except 
November  and  December.  At  latitudes  over  1,000  feet  above  the  surface, 
the  directions  are  west  to  southwest  diiring  the  summer  and  west  to  noiiJi- 
west  in  the  winter.  (Hie  northerly  winter  component  results  from  the 
passage  of  troughs  auui  low  pressure  centers.)  Bxe  combination  of  pres- 
siure  and  temperature  gradients  and  the  orientation  of  the  valley  results 
in  a  normal  backing  of  the  prevailing  wind  to  southeast  at  levels  between 
3,000  and  5,000  feet  m.s.l.  During  the  winter  months,  at  higher  levels, 
the  prevailing  wind  backs  (moves  counterclockwise)  through  north  to  west, 
and  during  the  summer  months  it  veers  (moves  clockwise)  through  southwest 
to  west.  Peak  velocities  occur  in  December  and  January,  the  period  of 
largest  pressure  and  ten^erature  differentials.  IBiere  is  a  secondary 
maximum  in  March,  when  winter  storms  are  still  occurring,  combined  with 
the  beginning  of  seasonal  heating.  Occasionally  winds  of  gale  force 
occur  during  periods  of  strong  frontal  activity. 

In  general,  the  prevailing  surface  direction  is  south-southeast 
beginning  at  0900  PST.  13ie  southwest  flow  becomes  dominant  between  lUOO 
and  1500,  from  March  through  July,  and  between  I600  and  1700  for  the 
baleuice  of  the  year.  These  effects  appear  to  be  the  result  of  a  combina¬ 
tion  of  steering  by  the  mo\mtain  passes  plus  mountain-valley  thermal  var¬ 
iations.  The  generally  higher  terrain  to  the  west,  and  the  passes  south¬ 
west  of  the  Station  cause  predominantly  southwest  flow.  The  strong 
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heating  In  the  valley  d\)rlng  spring  and  simmer  months  Is  probably  the 
cause  of  the  earlier  change  to  southwest  winds  during  that  period.  Rel> 
atlvely  stronger  heating  during  morning  hours  on  the  mountain  slopes  vest 
of  the  Station  causes  a  thermal  low  In  that  area  resulting  In  a  temporary 
southeast  flow. 


Effects  of  Other  Phenomena 


Whenever  there  Is  a  strong  westerly  flow  over  the  Sierras,  wave 
conditions  may  develop  over  the  Station,  and  wind  velocities  recorded 
between  3^000  and  ^,000  feet  above  the  surface  may  well  be  erratic  due 
to  the  turbulent  ^||^v^^ng  between  the  surface  flow,  which  Is  conditioned 
by  the  valley  contours,  and  the  upper  air  flow.  In  a  wave  condition, 
this  would  be  the  area  of  the  roll  clouds  and  one  of  pronounced  turbu¬ 
lence  and  marked  downdrafts.  Wind  velocities  would  Increase  gradually 
until  the  main  wave  flow  Is  reached  at  about  8,000  feet  above  the  surface 
(slightly  above  the  height  of  the  Sierras)  and  then  rise  rapidly.  Under 
wave  conditions  In  this  area,  there  appears  to  be  a  layer  of  updraft  to 
about  4,000  feet  followed  by  predominating  downdrsifts  from  4,800  to  8,000 
feet,  with  the  main  updreift  from  8,000  feet  to  15,000  feet,  and  a  second¬ 
ary  updraft  from  19,000  to  23,000  feet.  The  horizontal  wind  velocities 
are  believed  to  be  greater  in  the  updrafts  than  In  the  downdrEifts. 


THE  MDUmiN  WAVE  AT  NOTS 


While  the  Sierra  Wave,  In  the  Owens  Valley  region,  has  been  so  Iden¬ 
tified  only  In  the  last  30-odd  years  (Symons,  1926),  It  Is  probably  one 
of  the  most  striking  and  Intense  examples  of  the  mountain  wave  phenomenon. 
This  Is' particularly  true  In  respect  to  strength  and  extent  of  the  actual 
vertical  currents.  In  feu:t,  the  world's  altitude  records  for  both  slngle- 
and  two-place  sailplanes  were  set  In  the  currents  generated  by  this  wave. 
On  December  30,  1950,  Ivans  soared  to  42,100  feet,  and  on  Iferoh  3,  1951> 
Symons  and  Kuettner  soared  to  38^650  feet  in  a  two-place  sailplane.  An 
unusual  development  of  the  vertical  currents  associated  with  the  mountain 
wave  occurred  on  March  5,  1950,  enabling  Bob  Symons  of  Bishop,  California, 
to  attain  w  altitude  of  over  30,000  feet  with  both  propellers  of  his 
P-38  feathered.  He  reported  that  "The  upward  edr  currents  were  at  times 
as  great  as  8,000  ft/mln".  Such  currents,  with  accompanying  severe  tur¬ 
bulence,  could  obviously  have  serious  effects  on  aircraft  entering  the 
cures  If  the  pilot  were  unaware  of  the  wave  conditions. 

The  strongest  waves  develop  when  wind  direction  Is  nearly  normal 
(or  within  45*  of  perpendicular)  to  the  axis  of  the  Sierra.  However, 
some  scattered  or  Isolated  wave  clouds  do  appear  when  the  wind  Is  In 
other  directions.  TSiese  are  probably  due  to  the  action  of  Individual 
peaks.  During  these  strong  wave  conditions  a  wave  cloud  extending  the 
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length  Qf  the  Owens  Valley,  and  sometimes  stretching  from  Inyokern  to 
the  Mono  Lake  area  north  of  Bishop,  is  usually  present.  The  western  or 
windward  edge  of  this  cloud  will  be  parallel  to  the  front  of  the  Sierra; 
its  width  or  downwind  dimension  will  vsury  from  a  few  hundred  feet  to  sev¬ 
eral  miles,  depending  upon  the  intensity  of  the  wave.  Carroll  Wilson, 
of  NOTS,  in  a  similar  study  indicated  that  "to  produce  a  significant  up¬ 
draft,  the  velocity  of  the  wind  at  the  mountain  crest  must  be  near  30 
knots  or  more  as  measured  under  stable  air  conditions"  (small  temperatiure 
lapse  rate) . 

Kenneth  Colson  determined  that,  "On  days  with  no  wave  activity  the 
average  wind  speed  (normal  to  the  Sierra)  in  the  10,000-  to  l8,000-ft 
layer  was  9  knots,  the  speed  increasing  slightly  with  height.  On  days 
when  the  wave  was  of  moderate  intensity  the  average  wind  speed  in  this 
layer  was  28  knots,  and  vertical  wind  shear  was  greatly  increased.  On 
the  days  with  strong  wave  activity  the  average  speed  increased  to  Ul 
knots,  and  the  shear  was  considerably  greater". 

The  various  lee  waves  which  have  been  observed  have  a  great  variety 
of  forms  and  intensities.  The  form  which  is  perhaps  best  known  and  which 
is  characterized  by  the  Sierra  Wave  is  the  mature,  strongly-developed 
wave.  Visually  the  mature  wave  generally  presents  (l)  one  or  more  decks 
of  altocxamulus  lenticialaris  wave  or  arch  clouds  at  roughly  25,000  and 
40,000  feet  (although  these  clouds  have  been  estimated  to  occur  as  high 
as  60,000  to  70,000  feet),  (2)  a  dense  curauliform  roll  cloud,  or  rotor, 
at  about  15,000  to  l8,000  feet,  (3)  the  fohn-gap  (the  clear  region  up¬ 
wind  of  the  wave  clouds),  (4)  the  strato -cumulus  cap-cloud,  or  fohnwall, 
covering  the  Sierra,  and  (5)  a  "cloud  waterfall"  marking  the  downdraft 
over  the  Sierra  slope. 

While  the  unique  cloud  formations  of  the  lee  wave  provide  one  means 
of  estimating  the  amplitude  or  intensity  of  the  flow  pattern  (but  not  an 
infallible  one,  because  small  clouds  do  not  always  mean  a  weak  wave,  and 
strong  waves  occasionally  exist  with  no  clouds  at  £□.!),  another  and  scxne- 
times  more  reliable  method  of  defining  the  wave  intensity  is  to  study 
the  phenomena  experienced  by  aircraft.  In  a  mature  wave  the  horizontal 
and  vertical  wind  speeds  are  great.  The  updrafts  extend  to  very  high 
levels,  and  sure  generally  stronger  than  the  downdrafts,  although  the 
downdrafts  cover  larger  areas.  The  updreft  shows  its  effects  at  eULl 
altitudes,  and  it  remains  motionless  with  respect  to  the  terrain  and 
does  not  drift  with  the  wind  as  do  thermals.  The  strongest  updrafts 
occur  Just  uprwind  of  the  clouds,  and  the  strongest  downdrafts  just  down¬ 
wind  of  them.  These  currents  frequently  have  vertical  speeds  of  2,000 
to  5,000  ft/min.  Down  currents  of  extreme  violence  are  found  close  to 
the  lee  side  of  the  mountains  and  are  sometimes  indicated  by  the  descend¬ 
ing  portion  of  the  cap  cloud. 

Although  vertical  movement  of  the  air  during  wave  activity  is  of 
greater  importance  from  a  flying-safety  standi>oint,  the  horizontal  move¬ 
ment  is  more  noticeable  due  to  the  fact  that  it  is  traveling  in  a  con¬ 
stant  direction. 
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Under  wave  conditions  the  most  extreme  tiirbulence  genereilly  occurs 
from  the  mountain  crest  level  downward  (on  the  lee  side  of  the  mountains), 
but  heavy  turbulence  may  be  experienced  up  to  a  point  about  ^0^  higher 
than  the  difference  In  altitude  between  the  valley  floor  and  the  moun¬ 
tain  crest.  Over  the  Sierra,  this  would  be  an  altitude  of  18,000-19,000 
feet.  The  air  Is  generally  quite  smooth  above  the  roll  cloud  (extremely 
turbulent  cloud  formed  on  the  lee  side  of  the  mountain  at  the  approximate 
crest  level),  although  It  may  be  ascending  or  descending  rapidly.  When 
flying.  It  Is  generally  advisable  to  avoid  the  vicinity  of  this  and  other 
low  clouds,  since  the  most  violent  turbulence  Is  usually  found  In  this 
region,  especially  below  the  roll  cloud.  If  It  Is  ever  necessary  to  fly 
Into  the  roll  cloud,  the  flight  should  be  made  downwind,  only  at  low 
speeds,  at  an  acute  angle  to  the  cloud  front  and  through  the  thinnest  or 
most  broken  region.  In  order  to  minimize  the  sharp-edged  gust  effect. 

Gust  load  factors  as  high  as  3*3  g  have  been  experienced  by  gliders,  and 
In  one  case  of  record,  a  sailplane,  stressed  to  withstand  Ik  £,  was  torn 
apart  In  a  flight  through  a  rotor  cloud  at  Bishop.  However,  soaring  pi¬ 
lots  have  repeatedly  reported  that  the  main  wave  flow  is  very  smooth  in 
the  updreift,  while  the  downdraft  may  be  very  turbulent,  particularly 
near  the  lee  side  of  a  lenticular  cloud. 

Most  of  the  waves  that  occur  are  of  lesser  intensity  and  extent 
theui  those  described  above.  Sometimes  a  moderately  strong  mountain  lee 
wave  exists  but  is  not  indicated  by  clouds,  at  other  times  the  phenomenon 
may  be  confined  to  certain  portions  of  the  Sierra  crest,  and  at  still 
other  times  the  wave  motion  may  be  detected  only  in  the  lower  layers  of 
the  atmosphere.  These  variations  in  strength  euid  appearemce  have  been 
typed  according  to  an  arbitrary  classification  based  upon  visual  obser¬ 
vations  and  aircraft  experiences,  as  follows: 


Wave  Intensity 
Strong 

Moderately  Strong 
Moderate 

Fair 

Weak 

Poor 


Description 

Roll  and  wave  clouds,  fohnwall,  gap,  "cloud 
waterfall";  strong  up-  and  downdrafts. 

Same  as  above  but  of  lesser  magnitude. 

Broken,  local,  or  "dry";  nmximum  lift  con¬ 
fined  to  regions,  not  extending  along  whole 
crest. 

High  or  shallow,  confined  to  either  high  lev¬ 
els  or  to  rotor  zone,  with  either  roll  or 
high  clouds  present,  but  not  both. 

Transitory,  changing  rapidly;  weak  updrafts. 

No  perceptible  wave. 
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JET  SOREAMS  OVER  NOTS 


An  investigation  of  the  seasonal  occurrence  of  the  Jet  stream  over 
the  Station,  using  speed  criteria  of  80  knots  or  more  for  fall,  winter, 
and  spring,  and  4o  knots  or  more  for  summer,  showed  that  the  mean  height 
of  the  Jet  core  in  winter  and  spring  was  2,000-3^000  feet  below  the  mean 
height  of  the  polar  tropopause.  Sharp  temperature  and  density  differ¬ 
ences  in  an  edr  mass  would  be  expected  near  this  level.  In  simmer,  the 
mean  height  of  the  Jet  core  was  1,000  feet  below  the  mean  polar  torpo- 
pause. 


The  prevailing  winds  in  winter  and  spring  were  WSW  to  W  at  102 
knots.  Thus,  peak  winds  are  usuetlly  associated  id.th  the  passage  of  an 
upper  trough.  In  summer,  the  prevailing  Jet -core  flow  was  SSW  to  W  at 
60  knots.  The  swing  to  the  south  and  lower  speed  are  associated  with 
the  seasonal  decrease  in  outbreedcs  of  polar  air.  Jet  streams  of  80  knots 
or  more  occurred  infrequently  in  the  fall,  indicating  the  usual  stable 
local  weather  situation  before  the  beginning  of  winter  storms. 

Jet  streams  are  of  particular  Interest  and  significance  in  local 
forecasting  because  of  their  intensifying  effect  on  cyclonic  development. 
The  results  of  a  frequency  study  made  by  comparing  surface  weather  phe¬ 
nomena  with  the  associated  Jet  stream,  by  season,  are  shown  below. 


Season 

Jets 

No. 

Cases 

Cloudiness 
Broken  or 
more 

Wind 

35  knots 
or  more 

10  knots 
or  more 

NW-N 

Precipita' 

tion 

Low 

Middle 

■nra 

S-SSW 

sw-w 

MM-NE 

0* 

4 

26 

0* 

4 

mam 

0* 

W  Xli 

S-WMW 

32 

45 

37 

3 

13 

34 

1 

Spring 

NW-NE 

28 

4* 

4 

l4 

0* 

7 

0* 

S-WMW 

47 

28 

26 

4o 

15 

39 

■■ 

17 

Frequency  of  occurrence  in  percent. 


Jet-stream  occurrence  was  classified  directionally  into  two  groups, 
one  for  winds  S  to  WMW,  one  for  winds  KW  to  ME.  Low  and  middle  cloudi¬ 
ness  with  northerly  winds  was  very  infrequent  and  precipitation  did  not 
occur.  This  is  to  be  expected,  since  northerly  winds  would  ordinarily 
blow  only  behind  a  front  or  after  an  upper-trough  passage.  TIic  analysis 
was  limited  to  winter  and  spring  because  fronts  and  upper  troughs  seldom 
pass  the  Station  in  summer,  and  the  Jet  stream  is  found  only  infrequently 
in  fall.  Figure  3  is  a  graph  showing  annual  mean  wind  speed  over  MOTS. 
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FIG.  3.  Annual  Mean  Wind  Speed. 
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TOOPOPAUSES  OVER  NOTS 


A'o  one  tine  or  another  there  will  he  found  over  NOTS  at  least  three 
more-or-less  distinct  tropopauses.  These  may  be  present  either  Individ¬ 
ually  or  together^  and  on  occasion  may  overlap  for  short  distances  to 
produce  double  or  ccmiplex  tropopauses.  These  tropopauses  are  the  arctic, 
polair*,  temperate,  and  tropical.  These  tropopauses  may  be  found  at  the 
follovlng  heights  (m.s.l.)  with  the  indicated  potential  temperature  (d): 
the  arctic  from  30,000-33,000  feet  with  a  ©  from  315-335*A;  polar,  37,000- 
43,000  feet  with  ©  330-350*A;  temperate,  45,000-50,000  feet  with  ©  365- 
375*Aj  and  tropical,  53,000-55,000  feet  with  ©  400-4l0*A. 

The  following  table  shows  the  seasonal  averages  of  the  tropopause 
heights  (in  ft/m.s.l.)  and  potential  temperatures  (in  *A)  for  the  NOTS 
area  only: 


Season 

Arctic 

Poleu- 

Temperate 

Tropical 

First  Leaf 

Height 

© 

Height 

© 

Height 

8 

Height 

© 

Height 

© 

Winter 

31,659 

319 

38,028 

334 

45, 510 

372 

53,646 

407 

59,883 

446 

Spring 

31,936 

320 

38,790 

336 

45,334 

371 

53,764 

4l0 

60,792 

453 

Summer 

32,278 

332 

41,973 

347 

48,884 

371 

54,708 

401 

60,290 

442 

Fall 

32,411 

327 

39,981 

342 

47,896 

373 

54,031 

403 

58, 670 

434 

Wind  Patterns  and  the  ^opopause 


Wind  flow  at  and  near  each  tropopause  level  above  NOTS  was  euxalyzed 
by  seasons,  with  the  following  results: 

Arctic  tropopause  data  was  so  scant  that  resiilts  were  considered  to 
be  indicative  rather  than  representative.  Winds  around  the  polar  tropo¬ 
pause  show  little  change  in  velocity  through  that  level.  There  is  a  de¬ 
cided  decrease  in  overall  speed  in  summer,  and  the  direction  is  then  more 
southerly.  In  the  fall,  the  trend  is  back  toward  the  winter  pattern. 

In  the  region  of  the  temperate  tropopause,  there  is  little  change  in 
wind  direction  through  it  during  winter  and  spring,  but  there  is  a  gradual 
decrease  in  si>eed.  Again  there  is  a  sharp  drop  in  speed  in  the  sxamer, 
with  an  easterly  flow  beginning  above  the  tropopause.  The  trend  reverses 
in  the  fall. 


In  this  report,  the  polar  tropopause  (which  is  scmetimes  divided 
into  a  northern  and  a  southern  section,  both  sections  often  being  con¬ 
sidered  Independently)  will  be  considered  only  the  northern  section. 
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Near  the  tropical  level,  the  decrease  In  wind  speed  through  the 
tropopause  In  winter  axxd  spring  becotoes  laore  pronounced.  Ihe  main  fea¬ 
ture  of  the  sunner  pattern  Is  the  decided  easterly  component  above  the 
trqpopause.  Bie  direction  becomes  westerly  again  In  the  fall. 

Winds  above  and  below  the  main  tropopause  leaf  are  comparatively 
light  throughout  the  year,  indicative  of  relatively  higher  temperatures 
and  low  densities.  Ihe  flow  Is  generally  easterly  both  above  and  below 
the  leaf -level  In  the  summer,  turning  msterly  In  the  fall. 


Weather  Situations  and 
Aropopause  ftelghta 

An  Investigation  of  the  relationship  between  local  weather  situa¬ 
tions  and  the  lowest  tropopause  heights  Indicated  that  there  is  a  general 
correlation  between  tropopause  height  and  the  occurrence  of  a  surface  or 
upper  front,  or  a  trough  or  closed  low  at  the  700-  or  500-mllllbar  level 
within  200  miles  of  the  Station.  Fronts  or  upper  troughs  200  miles  dis¬ 
tant  In  a  westerly  direction  cure  likely  to  pass  the  Station.  Due  to  the 
local  terrain  and  the  lee-slde  low  effect  of  the  Sierras,  such  fronts 
and  troughs  may  also  still  affect  the  Station's  weather  when  200  miles 
or  mure  to  the  east.  The  fronts  Involved  are  almost  always  cold,  or  cold 
occlusions,  since  warm-front  occurrence  Is  locally  Infrequent.  In  the 
analysis,  the  sunmer  months  were  not  considered  because  fronts  and  upper 
trouts  rarely  occur  In  that  season.  A  seasonal  grouplxig  of  fall  (Octo¬ 
ber  and  November),  winter  (December,  January,  and  February),  and  spring 
(March,  April,  and  May)  was  used. 

It  was  found  that.  In  the  fall,  the  mean  height  of  the  lowest  tro¬ 
popause  was  approximately  2,000  feet  lower  than  normal  when  fronts  or 
upper  troughs  were  within  200  miles  of  the  Station.  During  winter,  this 
difference  Increased  to  2,yX)  feet,  in  spring  it  was  3,^  feet.  For 
exact  figures  on  local  weather  situations  and  tropopause  heights,  see 
the  tabulation  below: 


Mean  Heights  of  Lowest  Tropopause 


No.  Cases 

Fronts  within  200  miles 

No.  Cases 

Fronts  near  NOTS 

Fall 

25 

35,809 

58 

37,606 

Winter 

64 

34,177 

101 

36,662 

Spring 

85 

35,319 

121 

38,960 

The  larger  difference  In  spring  Is  to  be  expected  because  outbreaks 
of  cold  air  and  near-winter  temperatures  still  occur,  coniblned  with  the 
beginning  of  seasonal  heating. 
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HAZARDS  TO  FLYING 


Flying  hazards  are  present  In  this  valley  even  though  many  good  fly¬ 
ing  conditions  prevail  throughout  the  year.  During  the  heat  of  the  day, 
mainly  In  spring  and  stunmer  months,  the  superadlabatlc  cooling  during 
the  daylight  ho\irs  gives  rise  to  turbulent  dry  thermal  currents,  often 
as  high  as  7,000  feet  above  the  runvrays,  making  landing  hazardous.  In 
addition  to  the  turbulent  effect  caused  by  the  thermals  over  the  area, 
the  heat  radiation  waves  on  the  rxuiways  tend  to  distort  the  pilot's  vi¬ 
sion.  Other  related  hazards  are  relative  humidities  as  low  as  10^,  which 
haa^r  engine  performance;  low  air  densities,  which  make  longer  runways 
for  takeoff  necessary;  and  absorption  of  heat  by  metallic  fuel  lines, 
which  cause  vapor  locks.  During  the  afternoon  hours  In  the  summer,  air¬ 
craft  usually  encounter  moderate  tturbulence  below  10,000  feet  above  mean 
sea  level  over  the  valley,  and  in  extreme  cases  near  the  mountains  to 
the  west,  tiirbulence  Is  encountered  below  1^,000  ft/m.s.l.  When  the 
valley  is  under  the  influence  of  a  strong  northerly  pressure  gradient  on 
the  surface  and  aloft,  the  consequent  strong  northerly  surface  winds  blow 
alkali  dust  down  over  the  valley  from  dry  lake  beds,  located  30  to  4o 
miles  north  of  the  valley,  reducliag  visibilities  as  low  as  l/2  to  1-1/2 
miles,  thus  causing  a  serious  flying  hazard.  As  strong  downdrafts  and 
strong  turbulence  are  present  near  the  high  mountain  ranges  west  of  the 
valley  It  Is  advisable  to  warn  light  aircraft  against  flying  in  this 
vicinity  of  turbulence.  Due  to  heat  expansion  of  gasoline,  which  re¬ 
sults  In  overflow  aboard  aircraft.  It  Is  recogmnended  never  to  gas  the 
aircraft  to  capacity  at  euiy  time  during  the  summer  months.  Ihe  recom¬ 
mended  times  for  flight  operations  In  this  valley  during  the  sunmer 
months  are  the  hours  from  sunrise  to  1100  PST.  The  rough  terrain  of 
this  area  causes  extreme  turbulence  which  Is  conducive  to  carburetor  Ice 
foimatlon. 
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Appendix  A 

FACIGRS  C0inS(XI.IIK}  MOVBSNTS  OF  SURFACE  RARTICLBS 


It  Is  generally  recognized  that  particles.  Initially  at  rest  on  the 
ground  surface,  are  moved  hy  one  of  two  processes  or  a  combination  of  the 
two.  When  the  sdr  moves  past  a  particle,  it  may  exert  a  viscous  drag  suf¬ 
ficient  to  move  the  particle.  IMs  Initial  motion  will  be  In  the  direc¬ 
tion  of  the  wind,  generally  horizontal.  The  particle  may  slJiqply  roll  and 
slide  along  the  surface  or  It  may  become  airborne  by  bouncing  off  an  Ir¬ 
regular  surface  formation. 

!Ihe  second  process  of  particle  removal  from  the  surface  de!pbnd8  iq;>on 
surface  Impingement  of  previously  airborne  particles  \dilch  have  acquired 
considerable  kinetic  energy  from  the  free-alr  stream  during  their  time 
of  flight.  When  these  particles  Impinge  upon  the  surf  sice,  they  may  (l) 
bounce  back  Into  the  air  stream  sm  the  result  of  an  elsutlc  collision, 

(2)  shatter  from  such  collision,  (3)  slide  along  the  surface,  (U)  dis¬ 
lodge  other  particles,  (5)  be  absorbed  In  the  surface  with  tu>  fuller 
particle  movement,  or  (6)  chip  off  pieces  of  massive  surface  elements, 
which  pieces  In  turn  may  continue  In  motion.  The  term  saltation  has 
been  applied  to  the  Juiqplng  action  of  psurtlcles,  and  the  term  abrcuslon 
hsis  been  applied  to  the  wearing  away  of  larger  surface  elements  by  Im¬ 
pact  troa  saltation.  Maximum  erosion  rates  are  experienced  when  both 
drag  and  saltation  processes  are  operative,  and.  In  general,  erosion 
Increases  downwind  from  the  upwind  edge  of  an  erodible  surface. 

Once  a  particle  Is  dislodged  from  its  resting  place.  It  moves: 

(1)  by  sliding  or  rolling  along  the  surfeuse  (this  mode  of  transport  Is 
called  surfcMe  creep);  (2)  by  leaps  and  bounds,  l.e..  In  short  flights 
(this  mode  of  transport  has  already  been  defined  as  saltation);  or  (3) 
by  becoming  airborne  and  being  carried  over  appreciable  distances  before 
settling  out  of  the  free-alr  stream  (this  mode  of  transport  Is  often 
tezmed  suspension). 

The  mode  of  transport  depends  primarily  upon  the  magnitude  of  the 
vertical  air  motions  near  the  surface  and  the  mass  and  size  (or  terminal 
velocity)  of  the  particle.  The  largest  erodible  particles  tend  to  move 
by  surface  creep,  the  Intermediate  particles  by  saltation,  and  the  small - 
est  particles  by  airborne  transport.  The  general  limits  of  particle  size 
for  natural  sand  and  dust  are: 

Surface  creep  >1,000  ^ 

Saltation  y>  -  1,000  ^ 

Airborne  <50  n 

However,  chsmges  in  the  intensity  of  the  vertical  motions  make  these  lim¬ 
its  extremely  variable. 
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The  height  to  vhlch  small  airborne  particles  may  be  lifted  is  lim¬ 
ited  only  by  the  vertical  exchange  capacity  of  the  atmosphere;  while 
particles  moving  in  saltation  generally  remain  within  a  few  feet  of  the 
ground,  nxus,  a  large  percentage  of  the  mass  of  eroded  material  trans¬ 
ported  by  the  atmosphere  is  caxried  near  the  sxirfcMe. 

theoretical  stvidles  and  experimental  results  have  shown  that  wind 
erosion  of  soils  is  related  to  a  large  number  of  atmospheric  and  surface 
propeirtles.  Below  are  listed  the  main  factors  which  Influence  erosion 
by  wind. 


SURFACE  mOFERITBS 


A.  Large-scale  siirface  roughness 

1 .  Mechanical  turbulence 

2.  Overall  sheltering 

B.  small-scale  surface  roughness 

1.  Sheltering  of  individual  particles 

a.  Percent  of  area  covered  by  nonerodible  aggregates 
or  obstacles 

b.  Orientation  of  obstacles 

c.  Stability  of  aggregates  against  abrasion  emd  dis¬ 
integration  by  moisture  and  weathering 

C.  Area  of  erodlble  surface 

D.  Vegetable  cover 

1 .  Live  vegetation 

2.  Plant  residue 

E.  Cohesiveness  of  individual  particles 

1.  Moistness  of  siirface 

2.  Binding  action  of  organic  materials 

The  state  of  the  svirface  has  a  profound  effect  upon  the  erodibllity 
of  pcurtlcles  which  lie  on  that  surface.  These  effects  are  manifest  in 
the  generation  of  mechanical  turbulence  In  the  air  stream  next  to  the 
siurfs^e  and  In  the  reduction  of  wind  speeds  and  consequent  sheltering 
of  erodlble  pcurticles.  Recognized  first  of  ell  cure  the  relatively  large 
roughness  elements  such  as  trees  and  structures,  and  terrdn  features 
such  as  hills  and  valleys.  Tbrees  and  shrubs  provide  lee-side  sheltering 
and  are  generally  quite  effective  in  combating  erosion. 

The  second  class  of  rouc^ess  elements  is  composed  of  clods  or  ag¬ 
gregates  of  soil,  rocks,  and  small  obstacles  ^ch  pz>ovide  lee-side 
protection  for  only  a  smal  1  eurea.  These  obstsieles  are  highly  isqmrtant 
in  erosion  considerations  since  they  meiy  be  numerous  be  sunrauoged  in 
either  a  random  fashion  or,  as  in  the  case  of  furrows  and  ridges, 

they  may  provide  protection  from  preferred  wind  directions  only. 
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stability  of  soli  aggreestes  against  abrasion  by  Isqplnglng  particles 
against  the  actions  of  vetting,  drying,  freezing,  and  thawing  Is  a  prime 
consideration  In  predicting  the  credibility  of  a  surface  area. 

Another  factor  vhlch  Influences  wind  erosion  to  a  marked  degree  Is 
the  downwind  extent  of  the  area  subject  to  erosion.  On  an  Isolated  erod- 
Ible  surface,  the  rate  of  soil  flow  Increases  from  zero  at  the  upwind 
edge  to  a  rate  \dilch.  If  not  controlled.  Is  limited  only  by  the  carrying 
capacity  of  the  wind.  Considerable  control  of  the  erosion  rate  can  be 
aecenplished  If  the  eroding  surface  Is  interrupted  with  strips  of  a  non¬ 
eroding  surface  (for  Instance,  alternate  strips  of  fallow  and  wheat  stub¬ 
ble). 


small -plant  cover  Is  also  effective  in  reducing  erosion  and  is 
widely  used  for  erosion  control.  Particles  \dtlch  lie  xuider  an  appreci¬ 
able  plant  cover  are  not  susceptible  to  wind  erosion.  Plant  residue 
also  provides  excellent  protection  against  erosion. 

Surface  moisture  content  must  be  considered  In  connection  with 
erosion  since  Individual  particles  are  easily  cemented  Into  nonerodlble 
aggregates  by  vetting.  Even  surfaces  \dilch  are  extremely  susceptible  to 
erosion  idien  In  a  dry  state  became  essentially  nonerodlble  when  the  sur¬ 
face  Is  dang).  Organic  materials  In  the  surface  may  also  bind  the  parti¬ 
cles,  although  this  effect  Is  generally  temporazy. 


PARTICLE  mopmuns 


A.  Particle  size -frequency  distribution 

1.  Ratio  of  erodlble  to  nonerodlble  fractions 

B.  Particle  density 

C .  Particle  shape 

Uie  particle  size -frequency  distribution  of  the  erodlble  fractions 
of  the  surfsuse  soli  exerts  a  profound  effect  upon  the  erodlblllty  of 
that  surface.  For  example,  a  smooth  surface  of  only  submicron  particles 
Is  nonerodlble  In  the  presence  of  gale  Intensity  winds  but  when  submicron 
particles  are  mixed  with  particles  ^  to  ^  li  In  diameter  the  surfeu:e  be¬ 
comes  highly  erodlble. 

Particle  density  also  affects  the  erodlblllty  of  a  soil  except  In 
the  unlikely  Instance  of  a  surface  composed  completely  of  particles  less 
than  lOOu  In  diameter.  The  particle  density  and  shape  are  critical  In 
the  speed  of  Individual  particles  and  their  removal  and  transport  once 
they  are  airborne. 
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METBORaoaiCAL  FACTCRS 


A.  Wind  velocity  distribution  In  the  surface  layer 

1.  Mean  wind  si>eed 

2.  Wind  direction 

3*  Frequency^  period,  and  Intensity  of  gusts  penetrating 

to  the  surface 

a.  Vertical  wind  profile 

b.  Transient  and  steady  drag  of  the  wind  on  the 
ground  surfaces 

4.  Vertical  turbulent  exchange 

a.  Teiiq>erature  stratification 

b.  Surface  roughness 

B.  Molstiire  content  of  the  ground  surface 

1.  Precipitation 

2.  Dew  and  frost 

3.  Drying  action  of  the  air 

a.  Relative  humidity 

b.  Solar  heating 

Meteorological  factors  enter  Into  the  erosion  problem  in  two  ways: 
(l)  Antecedent  weather  determines  to  a  large  extent  the  "weathering"  of 
a  surface  which  renders  that  surface  credible,  euid  (2)  current  meteoro¬ 
logical  conditions  provide  the  motivating  forces  which  Initiate  and  sus¬ 
tain  erosion.  Since  the  erosion  x^enomena  are  coitflned  to  the  surfcKse 
layer,  except  for  airborne  transport  of  peurtlcles,  the  motion  and  state 
of  the  atmosphere  next  to  the  surface  are  of  prime  Importance. 

The  mean  wind  speed  Is  a  useful  measure  of  the  basic  energy  sup¬ 
ply  available  for  erosion  and  the  wind  direction  must  be  considered  In 
relation  to  the  orientation  of  roughness  elements,  slope  of  the  land, 
and  shape  and  size  of  the  erodlble  land  area.  However,  the  primary  pa¬ 
rameters  of  air  motion  In  this  problem  sure  the  frequency,  period,  and 
Intensity  of  gusts  which  penetrate  to  the  surfeuse,  and  the  transient 
stresses  exerted  on  the  surface  particles  by  these  gusts.  Erosion  Is 
not.  In  general,  a  steady-state  process  and  the  selective  action  of  tur¬ 
bulence  elements  In  this  process  Is  greatly  In  need  of  clarification. 
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Die  tx«a8fer  of  eroded  particles  into  the  free-air  stream  depends 
upon  the  vertical  turbulent  exchange,  or  the  vertical  motions  of  the 
air.  Since  temperature  stratification  is  one  of  the  primary  controls 
in  vertical  transfer  phenomena,  the  vertical  temperature  distribution 
must  be  included  in  any  consideration  of  particle  erosion.  The  trans¬ 
port  of  particles  to  considerable  heights  is  greatly  aided  by  the  occur¬ 
rence  of  sustained  and  organized  vertices,  motions  of  the  atmosphere  in 
thermal  circulations.  Such  sustained  vertical  motions  are  generally 
absent  during  nocturnal  hours,  and  this  fact  gives  rise  to  a  distinct 
diurnal  cycle  in  atmospheric  transportation  of  eroded  particles. 

Finally,  meteorological  phenomena  such  as  precipitation,  dev  and 
frost,  relative  humidity,  cuid  solar  heating  all  have  an  effect  on  the 
surface  moisture  content.  The  surface  of  the  ground  may  go  from  a  non- 
erodible  state  of  dampness  to  a  dry,  erodlble  state  in  a  few  hours. 
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MEAN  ATMOSPHERIC  DATA  TO  100,000  FEET 
ABOVE  MEAN  SEA  LEVEL 
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5,000  Ft 
Altitude 

Insfl 

Wind  Npeed 
imp*) 

January 

No.  Oaeei 

- 

m 

237 

237 

127 

127 

Mean 

5.0 

206 

SSW  or  NHW-inB 

3.9 

Februazy 

234 

234 

234 

No.  Cases 

115 

115 

Mean 

848 

6.5 

205 

N  or  SW 

4.0 

March 

No.  Cases 

279 

279 

279 

152 

152 

Mean 

847 

8.8 

203 

SW  or  N 

4.4 

April 

No.  Cases 

282 

282 

282 

129 

129 

Mean 

846 

12.2 

200 

N  or  SSW 

3.9 

May 

189 

No.  Cases 

309 

309 

309 

189 

Mean 

845 

15.7 

198 

N  or  SB-SW 

4.0 

.  June 

No.  Cases 

304 

304 

304 

172 

172 

Mean 

846 

20.5 

194 

N  or  S-WSW 

4.4 

July 

No.  Oases 

323 

323 

323 

132 

132 

Mean 

848 

24.1 

192 

S-SW 

3.5 

August 

Nb.  Cases 

289 

289 

289 

148 

148 

Mean 

848 

23.2 

193 

S-SW 

3.8 

Septenber 

Nb.  Cases 

302 

302 

302 

139 

139 

Mean 

847 

20.9 

194 

N  or  SSB-SW 

3.9 

October 

No.  Cases 

290 

290 

290 

142 

142 

Mean 

848 

15.9 

198 

N 

3.8 

November 

No.  Oases 

255 

255 

255 

119 

119 

Mean 

849 

10.4 

202 

NNW-N  or  SSW 

3.5 

Deceiid)er 

No.  Cases 

214 

214 

2l4 

119 

119 

IteB 

850 

7,6 

204 

3.7 

Winter 

No.  Cases 

685 

^5 

685 

361 

361 

Mean 

849 

6.3 

205 

NNW-N  or  SSW 

Spring 

470 

Nb.  Cases 

870 

870 

870 

470 

Mean 

846 

12.4 

200 

N  or  S-SW 

4.1 

Suaaer 

Nb.  Cases 

1216 

1218 

591 

591 

Mean 

847 

194 

S-SW 

3.9 

Fall 

No.  Oases 

545 

545 

545 

26l 

261 

Mean 

848 

13.3 

200 

N-NNB  or  SSW 

3.7 

No.  Cases 

3318 

3318 

3318 

1683 

1683 

Mean 

J 

847 

14.9 

198 

N  or  S-SW 

4.0 
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10,000  Pfc 
Altitude 

FMssure 

(Mb) 

Tearer- 

ature 

Cc) 

Wind  Speed  | 

(■!>•)  I 

January 

236 

236 

1 

No.  Oases 

236 

127 

127 

Mean 

702 

>1.8 

175 

W-MNM 

9.6  ! 

Petruary 

No.  Cases 

23U 

234 

234 

115 

1 

115 

Mean 

702 

175 

NW-M  or  SW-W 

10.1 

March 

■pfH 

No.  Cases 

279 

279 

153 

153 

Mean 

701 

174 

W-NW  or  N 

9.4 

April 

No.  Cases 

278 

278 

278 

129 

129 

Mean 

702 

1.0 

173 

VSW-WNW  or  N 

7.6 

May 

.  No.  Cases 

305 

305 

305 

187 

187 

Mesin 

704 

4.3 

171 

S-WSM 

6.8 

June 

, 

No.  Cases 

304 

304 

304 

173 

173 

Mesm 

706 

9.6 

169 

S-VSW 

6.2 

July 

No.  Cases 

321 

321 

321 

134 

134 

Mean 

710 

12.8 

168 

S-WSM 

6.0 

August 

148 

NO.  Oases 

289 

269 

289 

148 

Mean 

709 

12.0 

168 

S-SM 

6.4 

Septenber 

No.  Cases 

300 

300 

300 

139 

139 

Mecm 

708 

9.7 

169 

S-W 

6.8  ‘ 

October 

No.  Cases 

290 

290 

290 

l4l 

l4l 

Mesm 

706 

5.9 

171 

NNB-NB  or  WSM-WNM 

6.9 

November 

No.  Cases 

255 

255 

255 

120 

120 

Mean 

706 

2.8 

173 

NN-RNB 

7.9 

December 

No.  Cases 

214 

214 

2l4 

122 

122 

0.7 

174 

N>MB  or  W-WNtf 

8.4 

No.  Cases 

684 

684 

684 

364 

364  j 

Mecui 

703 

-0.9 

175 

W'MM  or  N-NNB 

9.4  1 

Spring 

No.  Oases 

862 

862 

662 

469 

! 

469 

Mean 

702 

1.5 

173 

VSN-VHH  or  N 

7.9 

Sumner 

No.  cases 

1214 

1214 

1214 

594 

594 

Mesui 

708 

11.0 

168 

S-WSM 

6.4 

Fall 

No.  Oases 

545 

545 

545 

261 

261  \ 

Mean 

706 

4.4 

172 

III! 

7.4 

No.  Oases 

3305 

3305 

3305 

1688 

1688 

Mean 

J 

5.0 

m . 

WSM-W 

_ 
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15|000  Ft 
Altitude 

FMaaure 

(ate) 

CSSS 

MM 

Viad  Speed 
(lapa) 

Jazmary 

234 

234 

234 

No.  Caaea 

125 

125 

Mean 

February 

578 

-10.3 

148 

SW-NN 

15.6 

No.  Caaea 

232 

232 

232 

109 

109 

Mean 

March 

578 

-11.2 

i49 

WSW-N 

15.2 

No.  Caaea 

273 

273 

273 

149 

149 

Mean 

577 

-10.4 

148 

W-NNN 

15.1 

April 

No.  Caaea 

270 

270 

270 

127 

127 

Mean 

579 

-8.5 

148 

HSN-NMtf 

12.4 

May 

184 

No.  Caaea 

293 

293 

293 

184 

Mean 

581 

-5.7 

147 

S-W 

10.3 

June 

No.  Caaea 

299 

299 

299 

166 

166 

Mean 

585 

145 

SSN-W 

8.8 

July 

NO.  Caaea 

304 

304 

132 

132 

Mean 

Auguat 

590 

145 

S-WStf 

7.8 

NO.  Caaea 

283 

283 

148 

l<(d 

Mean 

Septeniber 

589 

145 

8-SN 

7.6 

No.  Caaea 

297 

297 

297 

137 

'137 

Mean 

October 

587 

-0.4 

145 

SSN-V 

9.9 

No.  Caaea 

284 

284 

284 

140 

14q 

Mean 

Novenber 

584 

-3.3 

146 

WSM-N 

NO.  Caaea 

251 

251 

251 

118 

118 

Mean 

Deceafber 

582 

"6.0 

147 

NNN-N 

12.6 

NO.  Caaea 

209 

209 

209 

122 

_ Mean _ 

581 

-8  j 

11.7 

NO.  Caaea 

675 

675 

675 

356 

356 

Mean 

Spring 

579 

836 

-10.0 

148 

WSN-NNtf 

14.1 

No.  Caaea 

836 

836 

460 

460 

Mean 

Sumner 

579 

-8.1 

148 

WSW-NNM 

12.5 

No.  Caaea 

1183 

1183 

1183 

583 

583 

Mean 

588 

0.5 

145 

8-V8N 

8.5 

Fall 

No.  Caaea 

535 

535 

535 

258 

258 

Mean 

_JS3_ 

Jf.6 

147 

W-N 

11.1 

No.  Caaea 

3229 

3229 

1657 

1657 

Mean 

583 

-4.8 

147 

asu-mi 

11.2 
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20,000  Ft 
Altitude 

Pressure 

(«*) 

Temper- 

ature 

CO 

Wind  Speed 
(mp») 

Jetmary 

No.  Cases 

229 

229 

229 

122 

122 

Mean 

‘»73 

-21.1 

127 

W-NNN 

19.2 

February 

No.  Cases 

230 

230 

230 

108 

108 

Mean 

472 

-22.0 

127 

WSN-Ntf 

19.4 

March 

No.  Cases 

269 

269 

269 

147 

147 

Mean 

472 

-21.3 

126 

WSW-NNW 

18.0 

April 

No.  Cases 

264 

264 

264 

126 

126 

Mean 

474 

-19.2 

126 

WSW-NNtf 

16.2 

May 

No.  Cases 

286 

286 

286 

174 

174 

Mean 

477 

-16.3 

125 

SW-NN 

13.2 

June 

No.  Cases 

293 

293 

293 

164 

164 

Mean 

482 

-11.1 

124 

SSW-WNW 

11.8 

July 

No.  Cases 

296 

296 

296 

130 

130 

Mean 

486 

-8.2 

124 

S-WSW 

9.2 

August 

No.  Cases 

276 

276 

276 

142 

142 

Mecui 

485 

-9.2 

124 

SSM-WSW 

8.9 

September 

No.  Cases 

290 

290 

290 

137 

137 

Mean 

483 

-10.7 

124 

SSN-WNW 

12.0 

October 

No.  Cases 

280 

280 

280 

138 

138 

Mean 

480 

-l4.o 

125 

SW-N 

12.8 

November 

No.  Oases 

249 

249 

249 

118 

118 

Mean 

478 

-16.7 

126 

W-NNW 

15.9 

December 

No.  Cases 

203 

203 

203 

120 

120 

Mean _ 

-19.0 

15.4 

No.  Cases 

662 

662 

662 

350 

350 

Mean 

474 

-20.8 

127 

WSN-NNW 

18.0 

Spring 

No.  Cases 

819 

819 

819 

447 

447 

Mean 

474 

-18.9 

126 

WSN-WNW 

15.6 

Sumner 

No.  Cases 

1155 

1155 

1155 

573 

573 

Mean 

484 

-9.8 

124 

SSN-W 

10.6 

Fall 

Ifo.  Oases 

529 

529 

529 

256 

256 

Mean 

-15.3 

125 

W-N 

14.2 

No.  Cases 

3156 

3156 

3156 

1626 

1626 

Mean 

478 

-15.4 

125 

SN-NN 

14.1 
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25,000  Ft 
Altitude 

Aresaure 

(Mb) 

CSSS 

mEm 

Wind  Direotioa 
(degrees  fros 

true  north) 

Wind  Speed 
(■!ps) 

January 

No.  Cases 

209 

209 

209 

119 

119 

Mean 

383 

-32.3 

1070 

SW-NNN 

21.5 

February 

No.  Cases 

207 

207 

207 

104 

104 

Mecm 

382 

-33.4 

1072 

V-NW  or  N 

23.7 

March 

No.  Cases 

2ltO 

240 

240 

l4l 

l4l 

Mean 

382 

-32.8 

1070 

W-NW 

21.9 

April 

No.  Cases 

232 

232 

232 

123 

123 

Mean 

384 

•30.6 

1066 

V-NNW 

21.1 

my 

Noe  Cases 

261 

261 

261 

166 

166 

Mean 

268 

-27.7 

1064 

SW-NW 

18.0 

June 

No.  Cases 

273 

273 

273 

162 

162 

Mean 

393 

1058 

SSW*WNW 

14,3 

July 

No.  Cases 

276 

276 

276 

125 

125 

Mean 

398 

-19.2 

1055 

SSW-WSW 

11.2 

August 

No.  Cases 

256 

256 

256 

133 

133 

Mean 

397 

-19.8 

1054 

ssw-w 

U.2 

September 

No.  Cases 

238 

238 

238 

127 

127 

Mean 

395 

1059 

SW-WNW 

15.8 

October 

No.  Cases 

256 

256 

256 

131 

131 

Mean 

390 

-25.3 

1060 

W8W-N 

16.1 

Noveniber 

No.  Oases 

217 

217 

217 

114 

114 

Mean 

387 

•28.2 

1063 

W8W-N 

19.5 

Decenber 

NO.  Oases 

182 

182 

182 

115 

115 

fhin 

Winte^^^ 

No.  Cases 

598 

598 

598 

338 

338 

Mean 

383 

•32.2 

lO-^) 

SW-NNW 

21.1 

Spring 

No.  Cases 

733 

733 

733 

430 

430 

Mean 

385 

-30.3 

1066 

SW>NNW 

20.2 

Summer 

No.  Cases 

1043 

1043 

1043 

547 

547 

Mean 

396 

-20.9 

1056 

awun 

13.2 

Fall 

No.  Cases 

473 

473 

473 

245 

245 

Mean 

J 

389 

-26.6 

1062 

WSW-N 

17.7 

n 

No.  Cases 

2847 

2847 

2847 

1560 

1560 

Mean 

j 

389 

•26.6 

1062 

SW^HNW 

17.5 

56 


lUVWtPS  REPORT  7960 


30,000  Ft 
Altlt\ide 

Pressure 

(**) 

Temper* 

ature 

CO 

Density  . 
(alugi/ft| 
tlaes  10 

Wind  Speed 
(npa) 

Jamiary 

107 

107 

No.  Cases 

203 

203 

203 

Mean 

306 

-44.4 

899 

SW-NW 

24.7 

February 

204 

101 

No.  Cases 

204 

204 

101 

Mean 

306 

-44.8 

900 

VSW-NW 

28.5 

March 

126 

No.  Cases 

^33 

233 

233 

126 

Mean 

305 

-44.3 

895 

W-NW 

24.9 

April 

117 

No.  Cases 

219 

219 

219 

117 

Mean 

308 

-42.5 

897 

WSW-NNW 

1 

24.9 

No.  Cases 

248 

248 

2h& 

143 

143 

Mean 

311 

“39.8 

895 

SW-WNW 

22.8 

June 

l40 

No.  Cases 

266 

266 

266 

l40 

Mean 

318 

-34.3 

895 

sw-wsw 

16.3 

July 

123 

No.  Cases 

265 

265 

265 

123 

Meeui 

322 

-30.4 

892 

ssw-wsw 

l4.1 

August 

245 

No.  Cases 

245 

245 

133 

133 

Mean 

321 

-31.4 

893 

ssw-wsw 

13.8 

September 

la 

121 

No.  Cases 

233 

233 

233 

Mean 

319 

-33.4 

895 

sw-w 

19.3 

October 

24], 

No.  Cases 

241 

24l 

129 

129 

Mean 

315 

-37.2 

897 

WSW-N 

19.0 

November 

i 

No.  Cases 

215 

215 

215 

m 

in 

Meeui 

312 

-39.9 

898 

WSW-N 

23.6 

December 

No.  Cases 

180 

180 

180 

109 

109 

^09 

-42.5 

899 

WSW-NW  or  N 

21.5 

Winter 

"1 

No.  Cases 

587 

587 

587 

317 

317 

Mean 

307 

-44.0 

900 

WSW-NW 

24.8 

Spring 

386 

386 

No.  Cases 

700 

700 

700 

Mean 

308 

-42.1 

896 

WSW-NW 

24.1 

Summer 

No.  Cases 

1009 

1009 

1009 

517 

517 

Mean 

320 

-32.4 

894 

SSW-W 

15.8 

Fall 

240 

No.  Cases 

456 

456 

456 

24o 

Mean 

314 

-39.5 

898 

WSW-N 

a.i 

Annual 

1460 

1460 

No.  Cases 

2752 

2752 

2752 

Mean 

MM 

313 

-38.4 

896 

SW-HW 

20.8 

57 


NAVWEP8  REPOBT  7960 


35,000  Pt 
Altitude 

Pressure 

(nb) 

TeflQ)er> 

ature 

CO 

Density  • 
(slug^ft| 
tines  10 

Wind  Direction 
(degrees  fron 
true  north) 

Wind  Speed 
(nps) 

January 

105 

No.  Cases 

193 

193 

193 

105 

Mecm 

242 

-53.8 

742 

SW-NW 

27.4 

February 

196 

No.  Cases 

196 

196 

95 

95 

Mean 

242 

-54.1 

744 

WSW-NW  or  N 

32.0 

March 

No.  Cases 

219 

219 

219 

126 

126 

Mean 

242 

-54.4 

745 

WSW-NW 

27.9 

April 

No.  Cases 

203 

203 

203 

115 

115 

Mean 

244 

-52.7 

745 

WSW-NW 

25.7 

May 

No.  Cases 

221 

221 

221 

112 

U2 

Mean 

248 

-50.3 

747 

SW-NW 

25.3 

Jxme 

No.  Cases 

253 

253 

253 

137 

137 

Mean 

254 

-45.2 

748 

SW-WNW 

19.7 

July 

No.  Cases 

235 

235 

235 

120 

120 

Mean 

258 

-4l.l 

747 

SSW-WSW 

17.2 

August 

No.  Cases 

237 

237 

237 

132 

132 

Mean 

257 

-42.1 

746 

SSW-WSW 

17.0 

September 

No.  Cases 

210 

210 

ao 

119 

119 

Mean 

255 

-43.7 

746 

sw-w 

22.3 

October 

No.  Cases 

220 

220 

220 

125 

125 

Mean 

251 

-47.6 

747 

WSW-NNW 

19.8 

November 

No.  Cases 

201 

201 

201 

108 

108 

Mean 

December 

248 

-50.2 

748 

WSW-NNW 

26.1 

No.  Cases 

169 

169 

169 

104 

104 

245 

-52.3 

747 

WSW-WNW  or  N 

23.9 

Winter 

No.  Cases 

558 

558 

558 

304 

304 

Mean 

243 

-53.5 

744 

WSW-NW 

27.6 

Spring 

643 

643 

643 

No.  Cases 

353 

353 

Mean 

245 

-52.5 

746 

SW-NW 

26.3 

Sunmer 

No.  Cases 

935 

935 

935 

508 

508 

Mean 

256 

-43.0 

747 

SSW-W 

19.0 

Pall 

No.  Cases 

421 

421 

421 

233 

233 

Mean 

250 

-48.8 

748 

WSW-NNW 

22.7 

Annual 

No.  Cases 

2557 

2557 

2557 

1398 

1398 

Mean 

249 

-48.6 

746 

SW-NW 

23.4 

58 


KLVHIPS  REPORT  7960 


It0,000  Pt 
Altitude 

Pressure 

(i*) 

Temper¬ 

ature 

CO 

Wind  9peed 
(mps) 

Jaxniary 

183 

183 

183 

No.  Oases 

103 

103 

Mean 

191 

-57.4 

597 

WSW-NW 

26.5 

Pebruaiy 

89 

89 

No.  Cases 

181 

181 

181 

Mean 

105 

“57.6 

594 

WSW-NW 

31.9 

March 

No.  Cases 

209 

209 

209 

120 

120 

Mean 

190 

-58.6 

597 

WSW-NW 

28.8 

April 

No.  Cases 

179 

179 

179 

110 

no 

Mean 

192 

-58.8 

603 

SW-NW 

27.6 

May 

No.  Cases 

202 

202 

202 

105 

105 

Mean 

196 

-56.9 

610 

SW-WNW 

25.1 

June 

No.  Cases 

234 

234 

234 

123 

123 

Mean 

202 

-54.0 

621 

SW-U 

21.8 

July 

ll4 

No.  Cases 

218 

218 

218 

Il4 

Mean 

206 

-51.0 

624 

SSW-WSW 

18.5 

August 

124 

124 

No.  Cases 

229 

229 

229 

Mean 

204 

-51.4 

622 

SSW-WSW 

19.6 

September 

117 

No.  Cases 

197 

197 

197 

117 

Mean 

203 

-52.4 

619 

SW-W 

24.7 

October 

1 

No.  Cases 

212 

212 

212 

123 

123 

Meem 

199 

-55.5 

616 

WSW-NW 

20.1 

Nonrember 

No.  Cases 

192 

192 

192 

101 

101 

Mean 

196 

“57.5 

612 

WSW-NW 

27.0 

December 

No.  Cases 

151 

151 

151 

99 

99 

-58.0 

605 

WSW-NNW 

25.1 

Winter 

No.  Cases 

515 

515 

515 

291 

291 

Mean 

191 

“57.6 

597 

WSW-NNW 

27.7 

Spring 

No.  Cases 

590 

590 

590 

335 

335 

Mean 

193 

-58.1 

605 

WSW-NW 

27.2 

Sunster 

No.  Cases 

878 

878 

876 

478 

478 

Mean 

204 

-52.2 

622 

SSW-W 

21.1 

Pall 

No.  Oases 

4o4 

4o4 

404 

224 

224 

Mean 

198 

616 

WSW-NW 

23.2 

rTxrmaHH 

■Ml 

No.  Cases 

2387 

2387 

1328 

1328 

Mean 

J 

197 

Pen’ll 

609 

SW-WNW 

24.5 

59 


HAVWPS  RPOBI  7960 


^^5,000  Pt 
Altitude 

Pressure 

(Mb) 

Teag^r- 

ature 

CO 

Wind  Speed 
(aps) 

January 

17*^ 

174 

174 

98 

98 

No.  Oases 

Mean 

149 

-58.3 

469 

WSW-WNW 

23.2 

February 

80 

80 

No.  Cases 

171 

171 

171 

Mean 

i49 

-57.5 

466 

WSW-NW 

27.8 

March 

118 

No.  Cases 

199 

199 

199 

118 

Mean 

149 

-57.8 

468 

WSW-NW 

26.7 

April 

106 

106 

No.  Cases 

172 

172 

172 

Mean 

150 

-58.2 

472 

WSW-WNW 

24.5 

May 

102 

No.  Cases 

190 

190 

190 

102 

Mean 

153 

-58.2 

481 

SW-WNW 

22.0 

June 

No.  Cases 

192 

192 

192 

119 

119 

Mean 

158 

-59.4 

499 

SW-W 

20.3 

July 

No.  Cases 

191 

191 

191 

115 

115 

Mean 

162 

-59.5 

512 

ssw-w 

15.6 

August 

No.  Cases 

207 

207 

207 

120 

120 

Mean 

l6l 

-58.8 

507 

ssw-wsw 

16.0 

Septenber 

116 

116 

No.  Cases 

185 

185 

185 

Mean 

159 

-59.1 

502 

SW-W 

22.8 

October 

No.  Cases 

203 

203 

203 

122 

122 

Mean 

156 

-60.0 

494 

WSW-NW 

18.3 

November 

No.  Cases 

177 

177 

177 

101 

101 

Mean 

153 

-61.3 

I188 

WSW-N 

23.8 

December 

No.  Cases 

139 

139 

139 

97 

97 

151  . 

478 

WSW-NW 

22.0 

Winter 

No.  Cases 

484 

i<84 

484 

275 

275 

Mean 

150 

-58.4 

472 

WSW-NW 

24.8 

Spring 

326 

No.  Cases 

561 

561 

561 

326 

Mecm 

515 

-58.1 

475 

WSW-WNW 

24.5 

Susaner 

No.  Cases 

775 

775 

775 

470 

470 

Mean 

160 

-59-2 

505 

SW-W 

18.7 

Fall 

No.  Cases 

380 

380 

380 

223 

223 

Mean 

155 

"60.6 

492 

WSW-NW 

20.8 

■Mi 

No.  Cases 

2200 

2200 

1294 

1294 

Mean 

! 

M!M 

-59.0 

W9 

SW-WNW 

21.8 

60 


90,000  Ft  Firetmr* 
Altitude  (rib) 


January 
No.  Oases 
Mean 
February 
No.  Cases 
Mean 
Msrch 
No.  Cases 
Mean 
April 
No.  Cases 
Mean 
May 

No.  Cases 
Mean 
June 

No.  Cases 
Mean 
July 

No.  Cases 
Mean 
August. 

No.  Cases 
Mean 

Septenber 
No.  Cases 
Mean 
October 
No.  Cases 
Mean 
Novenber 
No.  Oases 
Mean 
December 
No.  Oases 


ter 
No.  Cases 
Mean 
Spring 
No.  Cases 
Mean 
Suaeer 
No.  Oases 
Mean 
Fall 

No.  Cases 
Mean 


nAWEPB  aPCRf  7960 


55,000  Pt 
Altitude 

Frassure 

(iA>) 

wind  Speed 
(«®») 

January 

IU9 

149 

149 

85 

85 

No.  Oases 

Mean 

91.8 

-62.5 

295 

VSW-WNW 

15.2 

February 

1^3 

143 

143 

66 

68 

No.  Cases 

Mean 

91.8 

-62.1 

295 

VSW-WNW 

17.2 

March 

No.  Oases 

163 

163 

163 

101 

101 

Mean 

91.9 

-61.2 

294 

V-NW 

15.8 

April 

147 

147 

147 

No.  Cases 

92 

92 

Mean 

92.6 

-60.4 

299 

WSW-WNW 

16.2 

rmy 

No.  Cases 

145 

145 

145 

87 

87 

Mean 

93.9 

-60.7 

299 

SW-WNW 

n.8 

June 

No.  Cases 

151 

151 

151 

100 

100 

Mean 

96.7 

-63.8 

303 

SSW-V 

7.8 

July 

160 

160 

NO.  Cases 

160 

102 

102 

Mean 

98.3 

-65.7 

321 

ESS  or  S-SW 

6.6 

August 

No.  Cases 

175 

175 

175 

Ul 

111 

Mecm 

98.3 

-64.5 

319 

ESB-WSW 

5.8 

Septenber 

No.  Cases 

165 

165 

165 

106 

106 

Mean 

97.1 

-64.6 

315 

WSW-NW 

9.5 

October 

No.  Cases 

174 

174 

174 

in 

m 

Mean 

95.2 

-64.3 

309 

WSW-NW 

10.6 

Novenber 

No.  Cases 

148 

IW 

148 

97 

97 

Mean 

93.4 

-64.8 

303 

WSW-NW 

14.8 

December 

No.  Oases 

129 

129 

129 

92 

92 

-62.2 

^01 

WSW-NNW 

14.0 

Winter 

No.  Cases 

421 

421 

421 

245 

245 

Mean 

92.1 

-62.9 

296 

WSW-NW 

15.3 

Spring 

455 

455 

No.  Cases 

455 

260 

280 

Mean 

92.8 

-60.8 

296 

SW-WNW 

14.7 

Summer 

No.  Cases 

651 

651 

651 

419 

419 

Mean 

97.6 

-64.7 

317 

S-W 

7.4 

Fall 

No.  Oases 

322 

322 

322 

208 

208 

Mean 

94.4 

-64.5 

306 

WSW-NW 

12.5 

No.  Cases 

1849 

1849 

1849 

n52 

n52 

Mean 

— 

94.6 

-63.3 

305 

WSW-NW 

U.8 

62 


MVWPB  mpow  7960 


60,000  rt 

Altitude 

FMssurs 

M 

Teagpsr* 

sturs 

CO 

Wind  Speed 
(■»•) 

January 

l4l 

81 

81 

No.  Oases 

l4l 

l4l 

Mean 

71.8 

-62.1 

230 

WSW-Ntf 

12.1 

Pebruaiy 

51 

No.  Cases 

129 

129 

129 

51 

Mesa 

72.3 

-62.0 

232 

WSW-NW 

11.8 

March 

No.  Cases 

151 

151 

151 

97 

97 

Mean 

71.9 

-61.0 

229 

W-WNW 

10.5 

Apru.  1 

NOe  Cases  1 

138 

138 

138 

87 

87 

Mean 

72.6 

-59.8 

230 

SW-VNW 

10.8 

May 

No.  Cases 

135 

135 

135 

77 

77 

Mean 

73.6 

-60.0 

233 

SW-VNW 

6.4 

Jxme 

No.  Cases 

139 

139 

139 

91 

91 

Mean 

75.6 

-61.6 

24l 

ENE-8SW 

5.0 

July 

96 

96 

NO.  Cases 

150 

150 

150 

Mean 

! 

76.7 

-61.5 

245 

e-sb 

7.4 

August 

106 

No.  Cases 

160 

160 

160 

106 

Mean 

76.7 

-60.6 

244 

ENE-SB 

5.7 

Septenber 

145 

145 

94 

94 

No.  Cases 

ll^5 

Mean 

75.8 

-61.6 

242 

sw-w 

4.8 

October 

164 

164 

No.  Cases 

164 

105 

105 

Mean 

74.3 

-62.3 

238 

WSW-NNW 

7.7 

Novenber 

No.  Oases 

139 

139 

139 

92 

92 

Mean 

72.9 

-63.7 

235 

WSW-NW 

10.4 

Deceniber 

No.  Oases 
Mean^ 

122 

72.3 

122 

-63.5 

122 

233 

90 

WSW-NW 

90 

9.8 

Winter 

n 

No.  Oases 

392 

392 

392 

Mean 

72.1 

-62.5 

231 

WSW-NW 

11.1 

Spring 

424 

424 

261 

No.  Oases 

424 

261 

Mean 

72.7 

-60.3 

231 

SW-WNW 

9.4 

Anseer 

No.  Cases 

594 

594 

594 

387 

387 

Mean 

76.2 

-61.3 

243 

5.7 

Fall 

No.  Oases 

303 

303 

303 

197 

197 

Mean 

-62.9 

_ SI _ 

WSW-NW 

9.0 

No.  Cases 

1713 

1713 

1067 

1067 

Mean 

74.0 

-61.6 

W8W-WNW 

8.3 

63 


mVWlPB  RPOBI  T960 


65,000  Ft 
Altitude 

FMsaure 

(«*>) 

Tsaqper- 

ature 

ro 

Density  . 
(tlugi/ft| 
tines  10  n 

wind  Direetion 
(degrees  fron 
true  north) 

Wind  Speed 
(ape) 

January 

76 

76 

No.  Caaee 

133 

133 

133 

Mean 

56.0 

-60.8 

178 

W8W-WNW 

9.4 

February 

118 

48 

48 

No.  Cases 

118 

118 

Mean 

56.0 

•60.8 

178 

W-WNW 

9.3 

March 

No.  Cases 

l4o 

l4o 

140 

86 

86 

Mean 

56.1 

-59.5 

178 

WSW-HW 

6.4 

April 

77 

No.  Cases 

119 

119 

119 

77 

Mean 

56.7 

-58.2 

179 

SW-WNW 

6.3 

Noe  Gases 

126 

126 

126 

76 

76 

Mean 

57.5 

-57.2 

180 

ESB  or  SSB-S 

3.9 

June 

86 

No.  Cases 

128 

128 

126 

86 

Mean 

58.9 

-58.0 

185 

sub-SB 

5.9 

July 

l4l 

Nd.  Cases 

l4l 

l4l 

90 

90 

Mean 

60.2 

-57.4 

189 

EHB-ESB 

8.5 

August 

96 

No.  Oases 

148 

148 

148 

96 

Mean 

60.0 

-56.8 

187 

E-ESB 

6.8 

Septeniber 

92 

92 

No.  Cases 

129 

129 

129 

Mean 

59.1 

-57.7 

185 

E*BSB 

4.1 

October 

No.  Cases 

150 

150 

150 

91 

91 

Mean 

57.8 

-59.8 

183 

WSW-WNW 

5.7 

Noveniber 

86 

86  . 

No.  Cases 

125 

125 

125 

Mean 

56.7 

-61.7 

iBl 

WSW-WNW 

8.7 

December 

82 

No.  Cases 

Il4 

Il4 

114 

82 

56.3 

-61.4 

180 

NE  or  WSW-HW 

7.1 

Winter 

206 

No.  Cases 

365 

365 

365 

206 

Mean 

56.1 

*.61.0 

179 

WSW-NW 

8.4 

Spring 

385 

1 

No.  Cases 

385 

385 

239 

239 

Mean 

56.7 

-58.3 

179 

SW-WNW 

5.6 

Sumner 

No.  Cases 

546 

546 

546 

364 

364 

Mean 

59.6 

-57.4 

187 

ENE-ESE 

6.3 

Fall 

No.  Oases 

275 

275 

275 

177 

177 

Mean 

-60.7 

182 

WSW-WNW 

7.2 

■■■ 

No.  Cases 

1571 

1571 

986 

966 

Mean 

57.7 

182 

E-ESB  or  WSW-WNW 

6.6 

64 


70,000  Pt 
AltitudB 

PMssure 

(Mb) 

Wind  Speed 

January 

112 

70 

70 

No.  Cases 

112 

112 

Mean 

‘»3.9 

-59.4 

139 

V-WNM  or  NB 

9.0 

February 

42 

42 

No.  Cases 

100 

100 

100 

Mean 

43.8 

-59.4 

138 

WSH>N 

8.0 

March 

No.  Cases 

126 

126 

128 

75 

75 

Mean 

44.0 

-57.3 

137 

ENB-E8B  or  WSM-V 

6.3 

April 

70 

No.  Cases 

103 

103 

103 

70 

Mean 

44.8 

-56.5 

139 

SW-NM 

4.7 

ms 

No.  Cases 

Il4 

ll4 

114 

72 

72 

Mean 

45.4 

-55.3 

140 

NB-ESB 

4.1 

June 

84 

No.  Cases 

118 

118 

118 

84 

Mean 

46.4 

-55.0 

143 

ENB-ESE 

8.0 

July 

83 

83 

No.  Oases 

127 

127 

127 

Mean 

47.2 

-54.4 

146 

B>SSB 

10.9 

August 

No.  Cases 

130 

130 

130 

93 

93 

Mean 

47.2 

-54.0 

145 

E-ESB 

8.6 

Septeedber 

118 

88 

86 

No.  Cases 

118 

118 

Mean 

46,7 

-54.8 

144 

ENB-ESE 

4.7 

October 

84 

No.  Cases 

l4l 

l4l 

l4l 

84 

Mean 

45.9 

-57.1 

143 

SW-W 

4.6 

Nonreaber 

85 

No.  Cases 

Il4 

Il4 

ll4 

85 

Mean 

44.4 

-59.6 

l4o 

W-WNM 

7.4 

Decenber 

No.  Oases 

103 

44.1 

103 

-SO. 8 

103 

139 

79 

WSM-N  or  NB-ENE 

79 

7.7 

- 

n 

No.  Cases 

315 

315 

315 

191 

191 

Mean 

43.9 

-59.5 

139 

WSM-WNM  or  BE 

8.2 

Spring 

345 

345 

345 

No.  Cases 

217 

217 

Mean 

44.7 

-56.4 

139 

ENB-ESE 

5.1 

SUBBKr 

No.  Cases 

493 

493 

493 

348 

348 

Mean 

46.9 

-54.5 

145 

B-ESB 

8.0 

Fall 

No.  Oases 

255 

255 

255 

169 

169 

Mean 

j 

45.2 

-58.2 

142 

WSM^HHtf 

6.0 

Annual 

No.  Cases 

1408 

1406 

l4o6 

925 

925 

Mean 

j 

45.4 

-56.8 

l4l 

E-BSB 

7.0 

65 
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75,000  Ft 
Altitude 

Pressure 

(Mb) 

Temper¬ 

ature 

CO 

Wind  Speed 
(atps) 

Jaxxuary 

65 

65 

Nb.  Oases 

99 

99 

99 

Mean 

3^.4 

-57.8 

1079 

NB-ZNB  or  WStf-W 

10.0 

February 

76 

76 

76 

No.  Cases 

33 

33 

Mean 

34.4 

-57.9 

1079 

E  or  N 

6.2 

March 

No.  Cases 

115 

115 

115 

71 

71 

Mean 

34.7 

-55.2 

1074 

21!|E*E 

6.3 

April 

88 

88 

88 

No.  Cases 

59 

59 

Mean 

35.2 

-54.9 

1089 

ENE-E  or  SE  or  W 

3.9 

May 

No.  Cases 

103 

103 

103 

70 

70 

Mean 

35.9 

-52.7 

1100 

ENE-SE 

5.2 

June 

76 

No.  Cases 

103 

103 

103 

76 

Mean 

36.7 

-52.4 

1123 

E-ESE 

9.1 

JUly 

Nb.  Cases 

112 

112 

112 

79 

79 

Mean 

37.1 

-51.8 

1131 

E 

12.3 

August 

83 

83 

No.  Cases 

111 

111 

111 

Mean 

37.2 

-51.5 

n33 

E-ESE 

10.9 

September 

82 

82 

No.  Cases 

107 

107 

107 

Mean 

36.9 

-52.4 

1129 

ENE-E!SE 

5.1 

October 

,78 

Nb.  Cases 

129 

129 

78 

Mean 

November 

36.1 

-54.6 

m4 

WSW-NW 

4.8 

No.  Oases 

106 

106 

106 

79 

79 

Mean 

34.9 

-57.3 

1091 

WSN-NN 

6.6 

December 

1 

No.  Cases. 

95 

95 

95 

70 

70 

Km 

-57.7 

1087 

N-ENE  or  W 

7.9 

liinter 

168 

No.  Cases 

270 

270 

270 

168 

Mean 

34.5 

-57.1 

1079 

W  or  N-B 

8.4 

Spring 

306 

306 

306 

No.  Cases 

200 

200 

Mean 

35.2 

-54.3 

1086 

ENE-SE 

Summer 

No.  Cases 

433 

433 

433 

320 

320 

Mean 

37.0 

-52.0 

1129 

E-ESE 

9.3 

Fall 

No.  Oases 

235 

235 

235 

157 

157 

Mean 

35.6 

-55.8 

1106 

WSW-NW 

5.7 

Nb.  Cases 

1244 

1244 

1244 

845 

845 

Mean 

35.8 

-54.4 

1104 

7.5 

66 
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60,000  Ft 
Altitude 

pressure 

(«*>) 

Tsagper- 

aturs 

CO 

Wind  Speed 
(aqps) 

jaxniary 

No.  Cases 
Mesa 
February 

No.  Cases 
Meem 

March 

NO.  Cases 
Mean 

April 

No.  Cases 
Mean 

May 

No.  Cases 
Mean 

June 

No.  Cases 
Mean 

July 

No.  Cases 
Mean 

August 

No.  Cases 
Mean 

September 

No.  Cases 
Mean 
October 

No.  Cases 
Mean 
Ncyember 

No.  Cases 
Mean 
Decenfljer 

No.  Oases 
Mean 

76 
26.9 

58 

27.1 

89 

27.2 

73 

27.5 

90 
28.3 

84 
26.9 

100 

29.6 

102 

29.6 

85 

29.1 

107 

28.2 

92 

27.4 

77 
27.2 

76 
-56.1 

58 

-55.2 

89 
-53.5 

73 

-52.6 

90 
-50.0 

84 
-49.8 

100 

-49.1 

102 

-48.9 

85 
-50.0 

107 

-52.2 

92 

-55.2 

77 
-56.3 

76 

838 

58 

839 

89 

837 

73 

842 

90 

837 

84 

873 

100 

893 

102 

892 

83 

880 

107 

861 

92 

830 

77 

847 

58 

BNB-E  or  W-WNW 

30 

N-NE  or  SE  or  W 

59 

E-ESE 

53 

SW-W  or  E-SE 

66 

enb-ese 

67 

E 

74 

£ 

76 

E 

69 

ENE-ESE 

73 

WSW-WNW 

71 

WSW-WNW 

61 

N-E  or  W-WNW 

58 

10.8 

30 

4.2 

59 

6.7 

53 

5.4 

66 

5.6 

67 

10.0 

74 

13.4 

76 

12.2 

69 

6.2 

73 

5.7 

71 

8.3 

61 

8.5 

Winter 

n 

149 

No.  Cases 

211 

211 

211 

149 

Mean 

27.1 

-55.9 

84l 

W  or  NE-E 

8.6 

Spring 

178 

178 

No.  Cases 

232 

232 

232 

Mean 

27.7 

-32.0 

846 

£NB"*£SE 

5.9 

Suamer 

No.  Cases 

371 

371 

371 

286 

2B6 

Meam 

29.3 

1 

• 

884 

E 

10.6 

Fall 

No.  Oases 

199 

199 

199 

l44 

144 

Mean 

27.8 

-53.6 

835 

WSW-WNW 

7.0 

LHnrriaHi 

No.  Cases 

1033 

1033 

1033 

757 

757 

Mean 

28.2 

-52.2 

862 

E-ESB 

8.4 

67 
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85,000  Pt 
Altitude 

Freasure 

(Hflj) 

Temper¬ 

ature 

CO 

Density  , 
(alug8/ft| 
tines  10 

Wind  Direction 
(degrees  fron 
true  north) 

Wind  Speed 
(npe) 

January 

62 

62 

62 

48 

48 

No.  Cases 

Mean 

21.3 

-54.3 

654 

NE-E  or  VSW-V 

11.1 

February 

kj 

47 

26 

26 

No.  Cases 

47 

Mean 

21.4 

-52.3 

652 

WSW-W  or  NE  or  E 

6.3 

March 

No.  Cases 

66 

66 

66 

47 

47 

Mean 

21.8 

-49.6 

655 

ENE-ESE 

7.8 

April 

43 

43 

No.  Cases 

57 

57 

57 

Mean 

22.0 

-50.2 

663 

VSW-W  or  E 

4.7 

May 

60 

No.  Cases 

78 

78 

78 

60 

Mean 

22.5 

-1*8. 1 

672 

ENE-ESE 

5.5 

June 

No.  Cases 

70 

70 

70 

57 

57 

Mean 

23.0 

-47.5 

685 

E 

12.3 

July 

No.  Cases 

79 

79 

79 

57 

.57 

Mean 

23.5 

-46.8 

700 

E 

16.0 

August 

No.  Cases 

85 

85 

85 

69 

Mean 

23.5 

-46.5 

699 

E 

14.3 

September 

65 

65 

No.  Cases 

77 

77 

77 

Mean 

23.1 

-1*8.0 

690 

ENE-ESE 

7.2 

October 

No.  Cases 

101 

101 

101 

67 

67 

Mean 

22.4 

-49.8 

673 

WSW-WNW 

6.0 

November 

No.  Cases 

80 

80 

80 

64 

64 

Mean 

21.7 

-53.3 

663 

WSW-WNW  or  N 

10.2 

December 

No.  Cases 

66 

66 

66 

49 

49 

21.3 

-53.7 

652 

N-ENE  or  W-WNW 

.  10.5 

Winter 

No.  Cases 

175 

175 

175 

123 

123 

Mean 

21.3 

-53.5 

652 

NE-E  or  WSW-WNW 

9.9 

Spring 

No.  Cases 

201 

201 

201 

150 

150 

Meem 

22.1 

-49.2 

663 

E-ESE 

6.0 

Summer 

No.  Cases 

311 

311 

311 

248 

248 

Mean 

23.3 

-47.2 

694 

E 

12.4 

Fall 

No.  Cases 

181 

181 

181 

131 

131 

Mean 

22.1 

-51.3 

670 

WSW-WNW 

8.0 

Aimual 

NO.  Cases 

668 

868 

868 

652 

652 

Mean 

22.4 

-49,8 

674 

E-ESE 

9.6 

68 
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90,000  Pt 
Altitude 

Pressure 

(Mb) 

Temper¬ 

ature 

CO 

Wind  Speed 
(mf) 

January 

No.  Oases 
Mean 
February 

No.  Cases 
Meeui 

March 

No.  Cases 
Mean 

April 

No.  Cases 
Mean 

May 

No.  Cases 
Mean 

June 

No.  Cases 
Mean 

July 

No.  Cases 
Mean 

August 

No.  Cases 
Mean 

September 

No.  Cases 
Mean 
October 

No.  Cases 
Ifean 
November 

No.  Oases 
Mean 
December 

No.  Oases 
_ Mbid _ 

46 

16.8 

36 

16.9 

48 
17.2 

44 

17.6 

64 

17.9 

56 

18.4 

49 

18.7 

70 

18.7 

59 

18.4 

75 

17.7 

64 

17.1 

51 

17.0 

46 

-51.7 

36 

-49.3 

48 
-48.9 

44 

-46.6 

64 

-45.3 

56 

-44.3 

49 
-43.9 

70 

-44.0 

59 

-45.6 

75 

-47.7 

64 

-51.3 

51 

-52.6 

46 

512 

36 

509 

48 

517 

44 

523 

64 

528 

56 

542 

49 

547 

70 

549 

59 

544 

75 

528 

64 

519 

51 

519 

38 

ENE-E  or  WSN 

25 

W  or  ENE-E 

41 

E-ESE 

37 

W  or  SW  or  E 

50 

ENE-ESE 

49 

E 

42 

E 

60 

E 

54 

E-ESE 

57 

WSW-WNW 

54 

WSW-WNW 

44 

W-WNW 

38 

12.6 

25 

7.2 

41 

8.1 

37 

6.4 

50 

5.2 

49 

11.9 

42 

17.5 

60 

15.2 

54 

6.9 

57 

8.2 

54 

10.8 

44 

13.1 

Winter 

n 

107 

No.  Cases 

133 

133 

133 

107 

Mean 

16.9 

-51.4 

513 

WSW-WNW  or  ENE-E 

11.6 

Spring 

128 

No.  Oases 

156 

156 

156 

128 

Mean 

17.6 

-46.8 

523 

E-ESE 

6.5 

Suimaer 

234 

234 

No.  Oases 

234 

205 

205 

Mean 

18.6 

-44.5 

546 

E 

12.7 

Fall 

111 

No.  Oases 

139 

139 

139 

111 

Mean 

17.4 

-49.4 

522 

WOf-WNW 

9.4 

Annual 

No.  Cases 

662 

662 

662 

551 

551 

Mean 

17.8 

-47.5 

531 

B 

10.4 

69 
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95,000  Pt 
Altitude 

Pressure 

M 

Temper- 

atxure 

CO 

Wind  Speed 
(«*P«) 

Jenuary 

28 

28 

Nb.  Cases 

33 

33 

33 

Mean 

13.3 

-49.8 

403 

ENE-E 

14.2 

February 

2k 

24 

24 

20 

No.  Cases 

20 

Mean 

13.5 

-47.2 

404 

W 

7.9 

March 

34 

No.  Cases 

36 

36 

36 

34 

Mean 

13.6 

-46.3 

406 

EHB-ESE 

7.7 

April 

36 

36 

36 

No.  Cases 

30 

30 

Mean 

13.8 

-43.1 

406 

sw-w 

8.0 

No.  Caaes 

49 

49 

49 

42 

42 

Mean 

14.3 

-42.3 

419 

BNB-B8B 

6.9 

June 

U2 

No.  Cases 

45 

45 

45 

42 

Mean 

14.6 

-41.2 

426 

E 

12.1 

July 

32 

No.  Cases 

35 

35 

35 

32 

Mean 

14.9 

-41.5 

435 

B 

18.2 

Avuiust 

49 

No.  Cases 

59 

5? 

59 

49 

Mean 

14.9 

-41.4 

435 

E. 

15.5 

Septeidber 

46 

46 

No.  Cases 

53 

53 

.53 

Mean 

14.6 

-43.3 

430 

E-ESE 

8.1 

October 

4l 

4l 

No.  Cases 

57 

57 

57 

Mean 

14.0 

-46.7 

4l8 

WSW-W 

9.3 

Novenber 

44 

44 

No.  Cases 

52 

52 

52 

Mean 

13.4 

-49.5 

405 

WSW-W 

12.9 

Deceinber 

No.  Cases 

46 

46 

46 

39 

39 

13.3 

405 

w 

17,3 

Winter 

87 

No.  Cases 

103 

103 

103 

87 

Mean 

13.3 

-49.6 

4o4 

W  or  ENB-E 

14.2 

Spring 

106 

106 

No.  Cases 

121 

121 

121 

Mean 

13.9 

-43.7 

4l0 

ENE-ESE 

7.5 

Summer 

169 

No.  Cases 

192 

192 

192 

169 

Mean 

14.7 

-41.9 

430 

E 

13.2 

Fall 

85 

No.  Cases 

109 

109 

109 

85 

Mean 

J 

13.7 

-48.0 

4l2 

WSW-W 

11.2 

Annued 

No.  Cases 

525 

1^9 

— 

444 

444 

Mean 

J 

14.0 

mSSm 

11.6 

70 
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Ftessure 

(Mb) 

Veaiper- 

ature 

CO 

pa 

Vlad  Speed 
(>®«) 

Jtauary 

No.  Cases 

23 

.  23 

23 

19 

Mean 

10.6 

-46.1 

316 

ENB-E 

13.6 

February 

No.  Cases 

19 

19 

19 

16 

l6 

Mean 

10.7 

-42.7 

314 

V  or  ENB  or  SE 

7.3 

March 

No.  Cases 

26 

28 

28 

24 

24 

Mean 

10.8 

-43.3 

318 

B-E8B 

April 

No.  Cases 

26 

26 

26 

18 

18 

Mean 

11.2 

-39.8 

325 

SM-W 

May 

NO.  Cases 

lA 

4V 

44 

35 

35 

Mean 

11.6 

-39.3 

336 

ENB-2SE 

6.3 

June 

NO.  Cases 

37 

37 

37 

35 

35 

Mean 

12.1 

-39.0 

350 

B 

13.2 

July 

No.  Cases 

30 

30 

30 

25 

25 

Mean 

12.1 

-39.6 

350 

E 

19.6 

August 

No.  Cases 

49 

49 

49 

46 

k6 

Mean 

12.1 

-39.6 

350 

E 

15.6 

Septenber 

No.  Cases 

42 

42 

42 

37 

37 

Mean 

11.8 

-4l.O 

344 

S*ESE 

7.1 

October 

No.  Cases 

4l 

4l 

4l 

34 

34 

Mean 

11.3 

-44.6 

334 

WSN-W 

11.6 

Novesiber 

No.  Oases 

43 

43 

43 

16 

16 

Mean 

10.7 

-46.9 

320 

HSN-V 

14.0 

DeceBS>er 

No.  Oases 

37 

37 

37 

31 

31 

IlMn 

315 

W 

23.2 

No.  Oases 

79 

79 

79 

66 

66 

Mean 

10.6 

-45.9 

315 

WSN-W 

16.6 

Spring 

No.  cases 

98 

98 

98 

77 

Mean 

11.3 

-40.6 

329 

SRE*BS& 

7.8 

Suaaer 

No.  Cases 

158 

158 

158 

143 

143 

Mean 

12.0 

-39.7 

348 

E 

13.5 

Fall 

No.  Cases 

84 

84 

84 

50 

50 

Mean 

11.0 

-45.8 

327 

WSH-W 

12.5 

No.  Oases 

419 

419 

419 

336 

336 

Msan 

J 

11.4 

-42.3 

334 

B-BSB 

12.6 

71 
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Calif.,  NOTS,  1  July  1953.  (NOTS  TM  284) 

An  Objective  Method  of  Forecasting  Surface  Winds  at  U.  S.  Naval 
Ordnance  Test  Station,  Inyokern,  China  Lake,  California,  by  B.  W. 
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U.  S.  Ifeval  Ordzuuice  Test  Station.  An  Analysis  of  Atmospheric  Data  at 
the  Naval  Ordnance  Test  Station,  Inyokem,  California,  by  D.  L. 
Famham,  I.  C.  Vercy,  and  Q.  S.  Dalton.  China  Lake,  Calif.,  NOTS, 

15  January  1955*  (NAVCRD  Report  3391,  NOTS  973) 

Time>Variability  Study  of  Winds  Aloft  at  the  Naval  Ordnance 
Test  Station,  China  Lake,  California,  by  F.  H.  Miller.  China  Lake, 
Calif.,  NOTS,  1  October  1955.  (NAVCRD  Report  4952,  NOTS  1274) 

A  Study  of  Upper  Air  Temperatures  at  the  Naval  Ordnance  Test 
Station,  by  P.  H.  Miller.  China  Lake,  Ceaif.,  NOTS,  15  Jbne  1956. 
(NAVCRD  Report  5256,  NOTS  1463) 

Weather  Patterns  and  Local  Forecasting  at  the  Naval  Ordnance 
Test  Station,  China  Lake,  California,  by  D.  L.  Farnham  and  R.  C. 
Gould.  China  Lake,  Calif.,  NOTS,  I6  October  1956.  (NAVCRD  Report 
5267,  NOTS  l46o) 

The  Relation  of  Upper-Air  Turbulence  to  !n?opopause  Layers,  by 
R.  C.  Gould.  China  Lake,  Calif.,  NOTS,  1  January  1959.  (NAVCRD 
Report  6544,  NOTS  TP  2242) 

The  Weather  at  HOTS,  by  D.  L.  Farnham,  P.  H.  Miller,  and  I.  C. 
Vercy.  China  Lake,  Calif.,  NOTS,  March  1959.  (NAVCRD  Report  6527# 
HOTS  TP  2218) 

A  Summary  of  the  Upper  Winds  in  the  C-Range/Tower  8  Area  of 
HOTS,  by  P.  H.  Miller  and  D.  L.  Farnham.  China  Lake,  Calif.,  MOTS, 

1  May  1959.  (HOTS  IDP  562) 

Objective  Forecasting  of  Cirrus  Cloudiness  at  the  Naval  Ordnance 
Test  Station,  by  D.  L.  Famham.  China  Lake,  Calif.,  NOTS,  May  1959. 
(NAVCRD  Report  6550,  NOTS  TP  2249) 

Troi>opau8es  and  Related  Atmospheric  Phenomena  at  the  Naval  Ord¬ 
nance  Test  Station,  by  P.  H.  Miller  and  D.  L.  Famham.  China  Lake, 
Calif.,  NOTS,  November  1959-  (NAVCRD  Report  6533#  NOTS  TP  2226) 

Evaluation  of  a  Method  of  Cirrus  Forecasting  at  the  Naval  Ord¬ 
nance  Test  Station,  by  D.  L.  Famham.  hlna  Lake.  Calif.,  NOTS, 

15  Jhly  i960.  (NAVWEPS  Report  7104,  NOTS  TP  2528) 


73 


HAWntPS  RKPORT  7960 


initial  DisroxBunoN 


3  Chief,  Bureau  of  Naval  Weapons 

nLI-31  (2) 

FAME  (1) 

2  Chief  of  Naval  Operations  (OP  5d) 

2  Chief  of  Naval  Research 
Code  104  (1) 

Code  4l6  (1) 

1  Fleet  Weather  Facility,  Naval  Air  Station,  Alameda 
1  Fleet  Weather  Facility,  Naval  Air  Station,  San  Diego 
1  Naval  Air  Development  Center,  JohnsvlUe 
1  Naval  Air  Development  Unit,  South  Weymouth 
1  Naval  Air  Test  Center,  Patuxent  River 

1  Naval  Missile  Center,  Point  Mugu  (Member,  Inter-Range  Meteorological 
Working  Group,  IRIG) 

1  Naval  Ordnance  Laboratory,  White  Oak 

1  Naval  Ordnance  Missile  Test  Facility,  White  Sands  Proving  Ground 
(Member,  Inter-Range  Meteorological  Working  Group,  IRIG) 

1  Naval  Postgraduate  School,  Msnterey  ( Officer -In-Charge,  Aerologlcal 
Curriculum) 

1  Naval  Weapons  Laboratory,  Dahlgren  (Code  XB) 

2  Naval  Weapons  Services  Office 

1  Navy  Hydrographic  Office  (Library) 

1  Navy  Weather  Research  Feu:llity,  Naval  Air  Station,  Norfolk 
1  Office  of  Naval  Research  Branch  Office,  Pasadena 
1  Navy  Liaison  Officer,  !Dactlcal  Air  Command,  Langley  Air  Force  Base 
1  Aberdeen  Proving  Ground  (Technical  Library) 

4  Army  Missile  Command,  Redstone  Arsenal  (Redstone  Scientific  Information 
Center) 

1  Evans  Signal  Laboratory  (Associate  Member,  Inter-Range  Meteorological 
Working  Group,  IRIG) 

1  Teujtlcal  Air  Command,  Langley  Air  Force  Base  (TFL-RQD-M) 

1  Aeronautical  Systems  Division,  Wrlght-Patterson  Air  Force  Base  (ASAIRD- 
Dlst) 

1  Air  Force  Cambridge  Research  Laboratories,  Laurence  G.  Hanscom  Field 
(£RHF) 

1  Air  Force  Flight  Test  Center,  Edvards  Air  Force  Base  (Associate  Member, 
Inter-Range  Meteorological  Working  Group,  IRIG) 

2  Air  Force  Missile  Test  Center,  Patrick  Air  Force  Base 

Member,  Inter-Range  Meteorological  Working  Group,  IRIG  (l) 

Associate  Member  (1) 

1  Air  Proving  Ground  Center,  Eglin  Air  Force  Base  (Member,  Inter-Range 
Meteorological  Working  Group,  IRIG) 

1  Air  Weather  Service,  Scott  Air  Force  Base  (AWSSS) 

1  Detachment  #1,  Wrlght-Patterson  Air  Force  Base 
1  Detachment  24,  4th  Weather  Group,  Holloman  Air  Force  Base  (Member, 
Inter^tange  Meteorological  Workl^  Group,  IRIG) 


74 


ABSTRACT  CARD 


